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AUTHOR'S  PREFACE. 


To  sopplj  the  means  of  acqairiDg  a  competent  knowledge  of  the 
methoia  and  results  of  the  physical  sciences,  without  any  unusual 
aogoaiottnoe  with  mathematics,  has  been  the  purpose  of  the  Author 
in  the  compodiion  of  this  series  of  treatises.  The  methods  of  de- 
ttOQstration  and  illustration  have  been  adopted  with  this  view.  It 
it,  koweTer,  neither  possible  nor  desirable  invariably  to  exclude  the 
use  of  mathematical  symbols. 

Some  of  these,  expressing  mere  arithmetical  operations  effected 
upon  numbers,  are  easily  understood  by  all  persons  to  whom  such  a 
vork  as  the  present  is  addressed,  and,  as  they  express  in  many  cases 
the  relations  of  quantities  and  the  laws  which  govern  them  with 
greater  brevity  and  clearness  than  ordinary  language,  to  exclude  the 
Qfe  of  them  altogether  would  be  to  deprive  the  reader  of  one  of 
the  most  powerful  aids  to  the  comprehension  of  the  laws  of  nature. 
Nevertheless  such  symbols  are  used  sparingly,  and  never  without 
ample  explanation  of  their  signification.     The  principles  of  the 
■dences  are  in  the  main  developed  and  demonstrated  in  ordinary  and 
popular  language.     The  series  has  been  compiled  with  the  view  of 
iffbrding  that  amount  of  information  on  the  several  subjects  com- 
prised in  it  which  is  demanded  by  the  student  in  law  and  in  medi- 
cine, by  the  engineer  and  artisan,  by  the  superior  classes  in  schools, 
and  by  those  who,  having  already  entered  on  the  active  business  of 
life,  are  still  desirous  to  sustain  and  extend  their  knowledge  of  the 
general  truths  of  physics,  and  of  those  laws  by  which  the  order  aud 
stability  of  the  material  world  are  maintained. 
^t  18  veil  known  that  manj  studeDta  who  enter  the  UniveT&\tie& 
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PREVACS.  ix 

Uioie  of  Satnra  by  MM.  Dawes  and  Schmidt;  among  cometarj 
objocts  to  the  magnifioent  drawings  of  Enck^  comet  by  Struvc, 
and  those  c^  Holley's  comet  bj  MM.  Strove,  Madear,  and  Smith ; 
and  among  stellar  objects  to  the  splendid  selection  of  stellar  clusters 
and  nebolse  which  are  reprodaced  from  the  originals  of  the  Kurl  of 
Bosse  and  Sir  John  Herschel.  In  fine,  among  the  illustrations 
now  produced  for  the  first  time  in  an  elementary  work,  the  remark- 
able drawings  of  solar  spots  by  Pastorff  and  Capocci  ought  not  to 
be  passed  without  notice. 

To  haye  entered  into  the  details  of  the  business  of  the  observa- 
tory, beyond  those  explanations  which  are  necessary  and  sufficient 
to  ^ve  the  reader  a  general  notion  of  the  processes  by  which  the 
principal  astronomical  data  are  obtained,  would  not  have  been  com- 
patible with  the  popular  character  and  limited  dimensions  of  such 
a  treatise  as  the  present 

It  has,  oevertheless,  been  thought  advisable  to  append  to  this 
volume  m  short  notice  of  the  most  remarkable  instruments  of  ob- 
servation, aeoompanied  by  well  executed  drawings  of  them^  the 
originals  for  some  of  which  have  been  either  supplied  by  or  made 
under  the  superintendence  of  the  eminent  astronomers  under  whose 
direction  the  instruments  are  placed. 

In  the  composition  of  this  part  of  the  series,  it  has  been  the 
good  fortune  of  the  author  to  detect  several  errors  of  considerable 
importance  which  have  been  hitherto  almost  universally  disseminated 
io  elementary  works  and  under  the  authority  of  the  most  eminent 
Dames.  Several  examples  of  this  will  be  noticed  by  the  reader, 
among  which  we  may  refer  more  particularly  to  the  Uranography 
uf  Saturn,  a  subject  which  has  been  hitherto  completely  misappre- 
bended,  phenomena  being  described  as  manifested  on  that  planet 
which  are  demonstrably  impossible.'^  The  correction  of  other  errors 
less  striking,  though  of  great  scientific  importance,  will  be  found  in 
the  chapter  on  Perturbations,  and  in  other  parts  of  the  treatise. 

This  series  of  elementary  treatises  consists  of  three  courses,  which 
are  saleable  separately,  and  are  as  independent  each  of  the  others  as 
the  nature  of  the  subject  allows. 

*  See  m  Memoir,  by  the  Aathor,  on  the  Uranography  of  Saturn,  in  Vol. 
Un.  of  the  Memoirs  of  the  Royal  Astronomical  Society,  London,  Sept. 
1863. 
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erences  in  it  are  made  to  the  numbers  of  the 
.  to  those  of  the  pages^  and  it  will  be  found  coi 
that  the  first  paragraph  of  the  second  course  is 
the  third  2160.     The  paragraphs  being  numben 
iroughout  the  three  courses,  it  has  not  been  necess 
3  make  any  reference  to  the  courses  or  volumes. 
II  be  found  that  this  Index,  combined  with  the 
'  Contents,  will  give  to  the  entire  series  all  the  \ 
npendious  Encjclopsedia  of  Natural  Philosophy 
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CIIAirrER  I. 


TERRESTRIAL   HEAT. 


2160.  Inwffirienci/  of  thermal  oh$ervaf!o7is.  —  To  ascertain  tho 
kws  which  regulate  the  distribution  of  heat  and  the  periodieul  vicis- 
ntudes  of  temperature  on  and  below  the  surface  of  the  earth  and  in 
the  superior  strata  of  tho  atmosphere,  is  a  problem  of  wbicli  tho 
complete  solution  would  require  a  collection  of  exact  thermal  obscr- 
TatioDS,  made  not  only  in  every  part  of  the  earth,  but  for  a  long 
series  of  years,  not  to  say  ages.  Experimental  research  has  not  yet 
supplied  such  data.  Observations  on  temperature  made  at  periods 
even  so  recent  as  those  within  which  physical  science  has  been  culti- 
vated with  more  or  less  ardour  and  success,  were  in  general  scattered 
tod  unconnected,  and  marked  neither  by  system  nor  precision.  It 
was  only  since  the  commencement  of  the  pr^cnt  century  that  obser- 
vations on  terrestrial  heat  were  accumulated  in  sufficient  quant ity, 
and  directed  with  tho  skill  and  precision  indispensable  to  render  them 
the  source  from  which  the  laws  of  temperature  could  bo  evolved. 
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•  .-  VETEOROLOGT. 

Tr-f  f  rrf  rTTfTT?  ir^i    -b^^rvations  of  Humboldt,  and  the  profouBd 

■     ~  ■        -.  -  .-  ■:>   :f  F'-urirr  and  Lajflrice,  supplied  at  once  the 

>  -:*;*.:;  iii  wliJ^-  in  this  department   of  pbjHcs, 

-   i    -:  .u'.rv.  LiV  wliich  otbers  Lave  been  carried 

*  "■  .  .  . ;  s  :.  ji  !f  we  do  not  yet  possess  all  the  data 
^  .  :  r  . ■":  :  ■  •■  •.  \'-. :-i.  i  uzil  l-mc-continued  observation  and  ex- 
:■  .  ■-  ^::  :.'.-■.  il  Tijii  has  ut  least  been  done  to  establish 
V  ;.  .-. -•  .:.  >  :. :  j-::..r-"  j:iw>  wliiih  prevail  in  the  physics  of 
:         .".:.»;  --.T  :.r»L  LxLiK  which  future  enquirers  will  confinn 

■     • 

"- ".  '  "  •  '  -  ■-.  •  f  ■/  frmjfrafiirc.  —  The  superficial  tempe- 
rs. .*.  :"  ::■.  :■•  :.  •.:.."•:<  wi:li  tijc  latitude,  gradually  decreasing  in 
: :  ■. ;        J  :"•  :..  :;  .  ;•  ■..:.•  r  :  wards  the  poles. 

.:  .  >  .-•  .?  T«  ■.  ;:.  t '•.■"v:i'i;'n  of  the  point  of  observation,  d^ 
»•■*.  -  ^  •  :•  •.-.-.  ./!\:  :  :.i:^i.t<  above  the  level  of  the  sea,  and 
'• .  "■  "  ^  : . .  :  J  :  w-.r:.-*::!  i-Ti-.litions  below  that  level,  but  in  all 
»  :^. >      .  -.  ^    „•  ^"...v. .  ..V  :'  r  Sil  depths  below  a  certain  stratum,  at 

■        •     1 

".      ...      ...      «....■.       ..  ...V      .^.•,  t^<  fX  k.'«C» 

A:  ..  ^  :\  ...■::.:  ".:^  s:  ;  a  jivcn  elevation  the  temperature  varies 
x»..::  :: ,  ...-...:; r  . :"  :1  ■?  ^v.rfa^v.  according  as  the  place  of  obscr- 
\..:  .:■.  -  ."  s,.i  vT  'i::.i :  r:!.i  if  on  land,  according  to  the  nature, 
I  r. •.:.:. .    r-,    r  .   :,"..::  '^    I*  the  soil,  and  the  accidents  of  the  surfiwe, 


.  T,':  j-^ri''-^?. — At  a  given  place  the  tem- 
Kr.ii.ir*    u:...-. r^.x^  :wj  irii^cifcil   periodic  variations,  c/it/rW  aud 

1:0  io:r:vr.;tv.ro  I*/.!  in;:  i^  a  mini  mum  at  a  certain  moment  near 
>v.r.:'.M\  :iu^:iu  s.:.*.  v:ii:;;  it  anaics  a  maximum,  at  a  certain  moment 
aftor  liu- >aii  h;i>  ps^.l  'Aw  meridian.  The  temperature  then  gra- 
ar.aliy  t*;!)]*  ur.:i'.  ir  u:;:r:>  to  tho  minimum  in  the  morning. 

This  viiurnal  thirm  Miivtriv*  porivKl  varies  with  the  latitude,  thecle- 
vativHi  of  tho  ]^';ioi\  tho  ihiiruur  of  the  surface,  and  with  a  great 
variety  of  locnl  cMiaiiioii*,  which  not  only  affect  the  hours  of  tha 
maximum,  niinimuui,  :inii  uioan  tomporatures,  but  also  the  difference 
betwot^n  tho  maximum  and  minimum,  or  the  extent  of  the  variation. 

12103.  Annuti/  thtrtnojiutrir  jt»n\'ii. — The  annual  therniometric 
period  also  varies  with  tho  latitudo^and  with  all  the  other  conditions 
that  affect  the  thermal  phonomona. 

In  order  to  be  enabled  to  evolve  the  general  thermal  laws  from 
phenomena  so  complicated  and  shifting,  it  is  above  all  things  neccs- 
nary  to  define  and  ascertain  those  mean  conditions  or  states,  round 
which  tho  thermometric  oscillations  take  place. 

iiKU.  T/tr  mma  dhu-i^al  famperafurr. — This  is  a  temperature  so 
taken  iMitwron  the  extremes,  tiiat  all  those  temperatures  which  are 
NU|H>rior  tf)  it  hhall  exceed  it  by  exactly  as  much  as  those  which  ai« 
iiift"'      '    '♦  Mhnll  fall  short  of  it. 
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To  render  this  more  clear,  let  ns  Buppofie  that  the  temperature  is 
ohservcd  every  Becond  in  twenty-four  hours.  This  would  pvo 
8G,400  ohserved  temperatures.  Suppose,  that  of  these  43,000  arc 
above,  and  43,400  below  the  mean  temperature.  If,  then,  the  moan 
temperature  be  subtracted  from  each  of  those  above  it,  and  if  each 
of  those  below  it  be  subtracted  from  it,  the  sum  of  the  reinainclLTs 
in  the  one  case  must  be  equal  to  the  sum  of  the  remainders  in  the 
other. 

This  18  equivalent  to  stating  that  the  mean  temperature,  multiplied 
by  $t3,400,  will  give  the  same  result  as  would  be  obtained  by  adding 
together  all  the  80,400  observed  temperatures. 

But  the  tliermomctric  column  is  not  subject  to  such  rapid  changes 
as  to  show  any  observable  diiference  of  elevation  from  second  to 
second,  nor  even  from  minute  to  minute.  If  its  height  be  observed 
every  hour,  the  mean  diurnal  temperature  will  be  obtained  by  adding 
together  the  twelve  horary  temperatures,  and  dividing  their  sum  by 
12.  But  even  this  is  not  necessary,  and  the  same  result  is  more 
easily  obtained,  either  by  taking  the  sum  of  the  temperatures  at 
sunrise,  at  2  P.  M.,  and  at  sunset,  and  dividing  the  result  by  •],  or 
more  tfimply  still  by  adding  together  the  maximum  and  miuiuum 
temperatures,  and  taking  halt"  their  sum.  Whichever  of  these 
mt  thods  be  adopted,  the  same  result  very  nearly  will  be  obtained. 
[The  second  is  tlie  method  adopted  at  the  Observatory  of  Paris.] 

2105.  The.  mean  U'.mjicrature  of  iha  mouth.  —  This  is  found  by 
dividing  the  sum  of  the  mean  diurnal  temperature  by  the  number 
of  days. 

2106.  Thf^  mean  temptirature  of  the  year. — This  may  be  found 
by  dividing  the  sum  of  the  mean  monthly  temperatures  by  12. 

2107.  Month  of  mean  trm}>'rature. — it  is  found  that  in  each  cli- 
mate there  is  a  certain  month  of  which  the  mean  temperature  is 
identical  with  the  mean  temperature  of  the  year,  or  very  nearly  so. 
This  circumstance,  when  the  mouth  is  known,  supplies  an  ea^y 
method  of  (»bserving  the  mean  temperature  of  the  year. 

In  the  climate  of  Paris,  this  mouth  is  October. 

[The  mean  temperature  of  the  year  may  also  be  found  by  taking 
the  mean  of  the  temperatures  corresponding  to  a  single  hour  of  the 
day,  which,  for  the  latitude  of  Paris,  is  9  o'clock,  A.  M.] 

'i:10><.  The  mnih  tempt  rat  are  of  the  place.  —  The  mean  animal 
temperature  being  observed  in  a  given  place  for  a  series  of  years, 
the  comparison  of  these  means,  one  with  another,  will  show  whether 
the  mean  annual  temperature  is  subject  to  variation,  an-l,  it  so, 
whether  the  variation  is  jKjriodic  or  progressive.  All  observations 
hitherto  made  and  recorded  tend  to  support  the  conclusion,  that  the 
variations  of  the  mean  annual  teujperature  are,  like  all  other  c()snii- 
cal  phenomena,  periodic,  aud  that  the  oscillations  are  made  within 
definite  limits  and  definite  intervals.     There  exists,  therefore,  for 
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every  place,  another  mean  temperature  superior  to  the  annnal,  and 
which  is  called  the  mean  temperature  of  the  place.  This  is  ohtained 
hy  adding  together  the  mean  annual  temperatures  of  all  the  years 
which  constitute  the  thermometrio  period,  and  dividing  the  sum  thus 
ohtained  hy  the  number  of  years. 

But  even  though  the  period  of  the  variation  of  the  mean  annual 
temperature  be  not  known,  a  near  approximation  to  the  mean  tem- 
perature of  the  place  may  be  obtained  by  adding  together  any  attain- 
able number  of  mean  annual  temperatures  and  dividing  their  sum 
by  their  number.  The  probable  accuracy  of  the  result  will  be 
greater,  the  less  the  difference  between  the  temperatures  computed. 

Thus  it  was  found  by  a  comparison  of  thirty  mean  annual  terape* 
raturcs  at  Paris,  that  the  mean  was  51^*44,  and  that  the  difference 
between  the  greatest  and  least  of  the  mean  annual  temperatures  was 
only  5°'4.  It  may  therefore  be  assumed  that  5P*44  does  not  differ 
by  so  much  as  two-tenths  of  a  degree  from  the  true  mean  tempera- 
ture of  that  place. 

Observation,  however,  has  been  hitherto  so  limited,  both  as  to 
extent  and  duration,  that  this  thermal  character  has  been  determined 
for  a  very  limited  number  of  places.  Indications,  nevertheless^ 
have  been  obtained  suffic*fBntly  clear  and  satisfactory  to  enable  Hum- 
boldt to  arrive  at  some  general  conclusions,  which  we  shall  now  briefly 
state. 

2169.  Isothermal  line^.  —  In  proceeding  successively  along  the 
same  meridian  from  the  equator  towards  the  pole,  the  mean  tempe- 
rature decreases  generally,  but  not  regularly  nor  uniformly.  At 
some  points  it  even  happens  that  the  mean  temperature  augments, 
instead  of  decreasing.  These  irregularities  are  caused  partly  by  the 
varying  character  of  the  surface,  over  which  the  meridian  passes,  and 
partly  by  the  atmospheric  effects  produced  by  adjacent  regions,  and 
a  multitude  of  other  causes,  local  and  accidental.  As  these  causes 
of  irregularity  in  the  rate  of  decrease  of  the  mean  temperature,  pro- 
ceeding from  the  equator  to  the  poles,  are  different  upon  different 
meridians,  it  is  evidcut  that  the  points  of  the  meridians  which  sur- 
round the  globe,  at  which  the  mean  temperatures  are  equal,  do  not 
lie  upon  a  parallel  of  latitude,  as  they  would  if  the  causes  which 
affect  the  distribution  of  heat  were  free  from  all  such  irregularities 
and  jiccidcntal  influences. 

If,  then,  a  series  of  points  be  taken  upon  all  the  meridians  sur- 
rounding the  globe,  having  the  same  mean  temperature,  the  line 
upon  which  such  points  are  placed  is  called  an  isothermal  line. 

Each  isothermal  line  is  therefore  characterized  by  the  uniform 
mean  tempeniture,  which  prevails  upon  every  part  of  it. 

2170.  Isothermal  zo^ics,  —  The  space  included  between  two  iso- 
thermal lines  of  given  temperatures  is  called  an  isotliermal  zone. 

The  northern  hemisphere  has  been  distributed  in  relation  to  its 
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thermal  condition  into  biz  zones,  limited  by  the  seven  isothermal 
lines,  characterized  by  the  mean  temperatures,  86®,  74®,  68°  59°, 
50%  41®  and  32°. 

2171.  The  Jirsi  thermal  or  torrid  zone. — This  zone  is  a  space 
surrounding  the  globe,  included  between  the  equator  and  the  isother- 
mal line,  whose  temperature  is  74°. 

The  mean  temperature  of  the  terrestrial  equator  is  subject  to  very 
little  variation,  and  it  may  therefore  be  considered  as  very  nearly  an 
ifiotbermal  line.  Ita  mean  temperature  varies  between  the  narrow 
limits  of  81  J°  and  82 J°.  [This  mean,  however,  is  modified  by  the 
great  extent  of  the  equatorial  seas;  under  the  line,  the  continents 
occupy  only  a  sixth  of  the  earth's  circumference.  Hence,  in  approach- 
ing the  tropics,  and  particularly  the  tropic  of  Cancer,  we  must  not 
be  surprised  at  finding  mean  temperatures  which  sensibly  exceed  that 
of  the  terrestrial  equator;  at  Pondicherry,  for  example,  in  lat.  11° 
55'  N.,  the  mean  is  85°'28,  and  at  Kouka,  in  Africa,  lat.  13°  10', 
the  mean  is  87°-26.] 

2172.  Thermal  egtiator.  —  If,  upon  each  meridian,  the  point  of 
greatest  mean  temperature  be  taken,  the  series  of  such  points  will 
follow  a  certain  course  round  the  globe,  which  has  been  desi<rnated 
as  the  thermal  equator.  This  line  departs  from  the  terrestrial  equa- 
tor, to  the  extent  of  ten  or  twelve  degrees  on  the  north  and  about 
eight  degrees  on  the  south  side,  following  a  sinuous  and  irregular 
cour^,  intersecting  the  terrestrial  equator  at  about  100°,  and  1G0°, 
east  longitude. — It  attains  its  greatest  distances  north  at  Jamaica, 
and  at  a  point  in  Central  Africa,  having  a  latitude  of  15°,  and  east 
longitude  10°  or  12°.  The  greatest  mean  temperature  of  the  ther- 
mal equator  is  86°. 

The  isothermal  line  having  the  temperature  of  74°  is  not  very 
sinuous  in  its  course,  and  does  not  much  depart  from  the  tropics. 

217o.  The  second  thermal  zone.  —  This  zone,  which  is  included 
lietwcen  the  isothermal  parallels  characterized  by  the  mean  tempe- 
ratures of  74°  and  68°  is  much  more  sinuous,  and  includes  very 
various  latitudes.  At  the  points  whore  it  intersects  the  meridians 
of  Europe,  it  is  convex  towards  the  north,  and  attains  its  greatest 
latitude  in  Algeria.  ^ 

2174.  The  third  thermal  zone, — This  zone,  included  between  the 
isothermal  parallels  which  have  the  mean  temperatures  of  r)<S°  and 
59°,  passes  over  the  coasts  of  France  upon  the  Mediterranean,  about 
the  latitude  48°,  and  from  thence  bends  southwanls,  both  east  and 
west,  on  the  east  towards  Nang:isaki  and  the  coasts  of  Japan,  and  on 
the  west  to  Natchez  on  the  Mississippi. 

2175.  The  fourth  thermal  zone.  — This  zone  is  included  between 
the  pamllels  of  mean  temperatures  59°  and  50°.  It  is  convex  to  the 
north  in  Europe,  including  the  chief  part  of  France,  and  thence  f;ills 
to  the  south  on  both  sides,  including  Pckin  on  the  east,  and  PhiU- 
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delphia,  New  York,  and  CiDcinnati  on  the  west.  It  is  evident  from 
this  arrangement  of  the  fourth  thermal  zone,  that  the  climate  of 
Europe  is  warmer  than  that  of  those  parts  of  the  eastern  and  western 
continents  which  have  the  same  latitude. 

2176.  The  fifth  thermal  zone.  —  The  fifth  zone,  included  between 
the  mean  temperatures  of  50^  and  41^,  is  more  sinuous,  and  includes 
latitudes  more  various  even  than  the  preceding.  [By  comparing  the 
mean  temperatures  of  Fayetteville  and  of  Copenhagen,  of  Qoebeo 
and  of  Stockholm,  of  Kendal  and  of  Berlin,  we  may  see  more  and 
more  the  difference  which  exists  between  the  climate  of  the  Puis 
meridian,  and  the  climates  to  the  east  and  west  of  this  meridian.] 

[2176.*  The  fn'jcth  thermal  zone.  —  The  sixth  sone  is  indijded 
between  the  mean  temperatures  of  41^  and  32^ ;  and  it  is  to  be  rs- 
gretted  that  we  do  not  possess  in  this  zone  several  series  of  obser- 
vations in  Siberia  and  the  north  of  America.  These  observations 
would  be  so  much  the  more  interesting  as  they  would  enable  ns  to 
trace,  with  some  precision,  the  limits  to  which  vegetation  extends. 
However,  this  zone  appears  to  be  comprised  between  the  latitndes  of 
60^  and  70^.] 

2177.  The  j}olar  retjions.  —  The  circle  whose  area  is  comprised 
within  the  isothermal  parallel  whose  mean  temperature  is  32%  is 
still  less  known.  Nevertheless,  the  results  of  the  observations  made 
by  arctic  voyagers  within  the  last  twenty  years,  afford  ground  for  in- 
ferring that  the  mean  temperature  of  the  pole  it£«lf  must  be  some- 
where from  13^  to  36°  bejow  the  zero  of  Fahrenheit^  or  45®  to  68® 
below  the  temperature  of  melting  ice. 

2178.  Climate  varies  on  the  same  isf)thermal  line.  —  When  it  is 
considered  how  different  arc  the  vegetable  productions  of  places 
situate  upon  the  same  isothermal  line,  it  will  be  evident  that  other 
thermal  conditions  besides  the  mean  temperature  must  be  ascertained 
before  the  climate  of  a  place  can  be  known.  Thus  London,  New 
York,  and  Pekin  are  nearly  on  tho  same  isothermal  line,  yet  their 
climates  and  vegetable  productions  are  extremely  different. 

2179.  Constant,  variable,  and  ejctrenie  climates.  —  One  of  the 
circumstances  which  produce  the  most  marked  difference  in  the  cli- 
mates of  places  having  the  same  nicaii  tiftipcrature  is  the  difference 
between  the  extreme  temperatures.  In  this  respect  climates  are 
classed  as  constant,  variable,  and  extreme. 

Constant  climates  arc  those  in  which  the  maximum  and  minimum 
monthly  temperatures  differ  but  little;  variable  climates  are  those  in 
which  the  difference  between  these  extremes  is  more  considerable, 
and  extreme  climates  are  those  in  which  this  difference  is  very  great 

Constant  climates  arc  sometimes  called  insular,  because  the  effect 
of  the  ocean  in  equalising  the  temperature  of  the  air  is  such  as  to 
'five  this  character  to  the  climates  of  islands. 

"180.  Examples  of  the  classijication  of  climates. — ^The  following 
pies  will  illustrate  this  clas.sification  of  climates  :-^ 
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i  ■ 

Mcmn  Tanp«r»> 
ture  of  Um  jmr. 

IIigbe«t  mean 

Monthlj  Temp«> 

ratore. 

LowMtmean 

Montblj  Tempe- 

ratttfe. 

Difference. 

Funchal 

London 

Pari! 

8t  MaIo. 

New  York..... 
Pckin. 

o 

68-54 

o 

75-66 

o 

62-06 

o 
12-00 

60-86 
61-08 
64-14 

66-92 
66-80 
64-40 

41-72 
8614 
87-76 

25-20 
29-10 
20-04 

68-78 
64-86 

80-78 
84-88 

25-84 
24-62 

55-44 
69-70 

Fuochal  offers  the  example  of  a  constant  or  insalar  climate; 
London,  Paris,  and  St  3IaIo,  of  a  variable;  and  New  York  and 
Pekin  of  an  extreme  climate. 

2181.  CUmaiofof/ical  corulUfons.  —  A  complete  analysis  of  those 
conditions  on  which  climate  depends,  requires  also  that  the  epochs 
of  the  extreme  temperature,  and,  in  a  word,  the  eencral  distribution 
of  heat  through  the  seasons,  should  be  stated,  l^or  this  purpose  we 
should  have  an  exact  record,  not  only  of  the  extreme  temperatures 
and  the  mean  annual  and  monthly  temperatures,  but  also  the  mean 
diurnal.  The  importance  of  such  data  in  any  climatological  inquiries 
will  be  perceived,  when  it  is  considered  that  a  few  degrees  diilcreiice 
in  the  lowest  temperature  will  decide  the  question  of  the  possibility 
of  certain  vegetable  productions  continuiiig  to  live,  and  the  diil'Lrence 
of  a  few  degrees  in  the  highest  temperature  will  render  it  possible 
or  not  for  certain  fruits  to  ripen. 

21H'2,  Table  of  Parts  tern [k rat urrs.  —  The  following  table,  pub- 
lished by  M.  Arago,  shows  the  extremes  of  the  temperature  of  the 
air  in  Paris  for  more  than  a  century  : — 
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2188.   Further  rcmlu  0/  Humhohh's  and  Pniffnnd'*  rnrarcha. 
— To  these  general  results  may  bo  added  the  following  observations 
of  M.  HumWdf  :— 
"  1.  The  soow-line  oq  the  Andea  doea  not  vary  wore'tbaa  70  to  100 

feet  m  its  elevation. 
"The  plains  of  Antisaoa,  at  nn  elevation  of  13,800  feet,  clothed 

with  a  rich  vegetation  of  aromatic  herb,  are  covered  with  a  depth 


of  three  or  four  feet  of  s 
"In  Quito,  mean  temperature  48°,  f 

elevation  of  12,000  feet. 
"Hail  falls  in  the  tropical  regions  b 

3000  feet,  but  is  never  witucsscd  01 

once  in  five  or  six  years. 
"  No  mountains  have  been  observed  ii 


sis  weeks. 


the  SI 


iT-line. 


r  seen  below  the 


.  elevations  of  from  2000  to 
the  lower  plateauf .     It  falla 


tropical  Africa  which  rise  to 


0  19°  lit.  S.  the  snow-line  is 
night  probably  be  ezplained 


.  PenCland  found  that  from  14° 

higher  than  upon  the  Line.     This 

by  the  nature  and  conGgunilinn  cif  the  surfni 
"3.  Between  the  Line  and  "20°  lat.  N.  the  snow-line  falls  only  700 

feet.     The  variation  of  the  height  of  the  snow-line  increases  with 

the  latitude. 
"  The  summit  of  Mowna  Rou  (Owhyhec),  Sandwich  Islands,  whoM 

height  c)(ceeds  16,000  feet,  \n  soniutinies  divested  of  snow. 
"4.  The  elevation  of  (lie  snow-line  on  the  southern  declivity  of  the 

Ilimaluyu   agrees   with   observations   made   in   Mexico;    but  the 

northern  declivity  presents  a  singular  anomiily,  the  snow-line  rising 

*  "  Notice  on  the  Snow-line,"  Ann.  dt  Ck.  tt  Phyt.  torn.  ziv.  p.  I 
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to  16,000  feet,  a  greater  elevation  than  upon  the  Line.  [The  ex- 
planation of  this  phenomenon  must  he  sought  in  the  immenso 
extent  of  the  plateaux^  and  in  the  configuration  of  the  surface.] 

"  5.  The  snow-line  on  the  Caucasus  is  higher  by  1300  feet  than  on 
the  Pyrenees,  which  are,  nevertheless,  in  the  same  latitude. 

"  6.  The  snow-line  on  the  chain  of  mountains  which  extends  along 
Norway,  from  68*^  to  70°  lat.,  is  at  an  elevation  of  5000  feet. 
This  great  elevation  in  latitudes  so  high  is  probably  explicable  by 
local  atmdspberic  phenomena,  and  the  proximity  of  the  sea.'' 

2189.  Therjnal  phenomena  below  the  surface, — At  a  given  place 
the  surface  of  the  ground  undergoes  a  periodical  variation  of  tem- 
perature, attaining  a  certain  maximum  in  summer,  and  a  miiiinium 
in  winter,  and  gradually,  but  not  regularly  or  uniformly,  augnicDting 
from  the  minimum  to  the  maximum,  and  decreasing  from  the  maxi- 
mum to  the  minimum. 

The  question  then  arises  as  to  whether  this  {)eriodic  variation  of 
temperature  is  propagated  downwards  through  the  crust  of  the  earth, 
and  if  sO;  whether  in  its  descent  it  undergoes  any  and  what  modifi- 
cations ? 

To  explain  the  phenomena  which  have  been  ascertained  by  obser- 
vation, let  us  express  the  mean  temperature  by  M,  and  let  the  maxi- 
mam  and  minimum  temperatures  be  T  and  t. 

If  we  penetrate  to  depths  more  or  less  considerable,  wo  shall  find 
that  the  mean  temperature  M  of  the  strata  will  be  very  nearly  the 
same  as  at  the  surface.  The  extreme  temperatures  T  and  t^  will, 
however,  undergo  a  considerable  change,  T  decreasing,  and  t  iocreas- 
ing.  Thus  the  extremes  gradually  approach  each  other  as  the  depth 
increases,  the  mean  M  remaining  nearly  unaltered. 

2190.  Stratum  of  invariable  temperature.  —  A  certain  depth 
will  therefore  be  attained  at  length,  when  the  maximum  temperature 
T,  by  its  continual  decrease,  and  the  minimum  temperature  /,  by  its 
continual  increase,  will  become  respectively  equal  to  the  mean  tem- 
perature M.  At  this  depth,  therefore,  the  periodical  variations  at 
the  surface  disappear ;  and  the  mean  temperature  M  is  maintained 
permanently  without  the  least  change. 

This  mean  temperature,  however,  though  nearly  is  not  precisely 
equal  to  the  mean  temperature  at  the  surface.  In  descending  M 
nodergoes  a  slight  increase,  and  at  the  depth  where  T  and  t  become 
equal  to  M,  and  the  variation  disappears,  the  mean  temperature  is  a 
little  higher  than  the  mean  temperature  of  the  surface. 

2191.  Its  depth  varies  with  the  I({titiide.'--ThQ  depth  at  which  tho 
superficial  vicissitudes  of  temperature  disappear  varies  with  the  lati- 
tude, with  the  nature  of  the  surface,  and  other  circumstances.  In 
oar  climates  it  varies  from  80  to  100  feet.  It  diminishes  in  pro- 
ceeding towards  the  equator,  and  increases  towards  the  pole.     Tho 
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ezoesB  of  tbe  permanent  tcmpcraiure  at  tkia  depth  above  the  meu 
temperature  at  the  surface,  increases  with  the  latitude. 

2192.  Its  <fej)th  and  temperature  at  Paris, — The  same  thermo- 
meter which  has  been  kept  for  sixty  vears  in  the  vaults  of  the  Ob- 
servatory at  Paris,  at  the  depth  of  eighty-eigbt  feet  below  the•S1l^ 
face,  has  shown,  during  that  interval,  tbe  temperature  of  1P'S2 
Cent,  wbich  is  equal  to  53  ^^  Fahr.,  without  varying  more  than  half 
a  degree  of  Fabr. ;  and  even  tbis  variation,  small  as  it  is,  has  been 
explained  by  tbe  effects  of  currents  of  air  produced  by  the  quarrying  j 
operations  in  the  neighbourhood  of  tbe  Observatory.  \ 

[Tbis  phenomenon  was  first  observed  by  Cassini,  in  1671.] 

2193.  Its  form. — We  must  therefore  infer,  that  within  the  sm^ 
face  of  the  earth  there  exists  a  stratum  of  which  the  temperature  is 
invariable,  and  so  placed  that  all  strata  superior  to  it  are  more  or  len 
affected  by  tbe  thermal  vicissitudes  of  tbe  surface,  and  tbe  more  so 
tbe  nearer  they  are  to  the  surface,  and  that  this  stratum  of  invariable 
temperature  has  an  irregular  form,  approaching  nearer  to  the  8a^ 
faco  at  some  places,  and  receding  further  from  it  at  others;  the  na- 
ture and  character  of  the  surface,  mountains,  valleys,  and  plains, 
seas,  lakes,  and  rivers,  the  greater  or  less  distance  from  the  equator 
or  poles,  and^  a  thousand  other  circumstances,  imparting  to  it  varia- 
tions of  form,  wbich  it  will  require  observations  and  experiments 
much  more  long  continued  and  extensive  than  have  hitherto  bccii 
made,  to  render  manifest. 

2194.  Thermal  phenomena  between  the  snr/ace  and  the  stratum 
of  invariable  temperature. — The  thermometric  observations  on  the 
periodical  changes  which  take  place  above  tbe  stratum  of  invariabje 
temperature  are  not  so  numerous  as  could  be  desired;  [and  even 
these  observations  generally  extend  only  to  a  depth  of  about  25 
feet :]  nevertheless,  the  following  general  conditions  have  been  as- 
certained, especially  in  the  middle  latitudes  of  the  northern  hemi- 
sphere :  — 

1.  The  diurnal  variations  of  temperature  are  not  sensible  to  a 
greater  depth  than  3  \  feet. 

[2.  The  mean  annual  temperatures  of  the  different  strata  differ 
little  from  the  mean  annual  temperature  of  the  air.] 

3.  Tbe  difference  T  —  t  between  tbe  extreme  temperatures  of  the 
strata  decreases  in  geometrical  progression  for  depths  measured  la 
arithmetical  progression,  or  nearly  so. 

4.  At  the  depth  of  25  feet,  t  —  <  =  2°.  At  50  feet  t  —  ^  =  0*^-2; 
and  at  60  to  80  feet,  t  —  ^  =  0°-02. 

5.  Sinco  the  enecta  of  tbe  superficial  variation  must  require  a 
pertain  time  to  penetrate  the  strata,  it  is  evident  that  the  epoch  at 
which  each  stratum  attains  its  maximum  and  minimum  temperatures 
will  be  different  from  those  at  which  the  other  strata  and  tbe  surface 
attain  them.    The  lower  the  strata  the  greater  will  bo  the  difference 
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eiween  the  times  of  attaining  those  limits,  as  oompared  with  the 
drface.  Thus,  it  is  found,  that  at  the  depth  of  twenty-five  feet  the 
laximnm  is  not  attained  until  the  surface  has  attained  its  minimum. 
lie  reasons,  therefore,  at  this  depth  are  reversed,  the  temperataro 
)f  July  being  manifested  in  January,  and  vice  versd, 

2195.  Thermal  phenomena  below  the  stratum  of  untfomi  tcjiipe- 
miMTt. — ^The  same  uniformity  of  temperature  which  prevails  in  the 
ioTariable  stratum  is  also  observed  at  all  greater  depths ;  but  the 
temperature  increases  with  the  depth.  Thus,  each  successive  stra- 
tam,  in  descending,  has  a  characteristic  temperature,  which  never 
ebiDges.  The  rate  at  which  this  temperature  augments  with  the 
dq>th  below  the  invariable  stratum  is  extremely  different  in  different 
kwilities.  In  some  there  is  an  increase  of  one  degree  for  every 
thirty  feet,  while  in  others  the  same  increase  corresponds  to  a  depth 
of  100  feet.  It  may  be  assumed,  in  general,  that  an  increase  of  cue 
degree  of  temperature  will  take  place  for  every  fifty  or  sixty  feet  of 
lepth. 

[The  existence  of  a  sensible  heat  in  deep  mines  had  long  attracted 
the  attention  of  observers ;  but  there  was  more  eagerness  to  explaia 
the  facts  than  to  observe  them  accurately.  It  was  explained  vari- 
)a8ly ;  some,  as  Boyle,  attributed  it  to  the  decomposition  of  pyrites, 
wiather,  to  a  kind  of  fermentation  to  which  recourse  v»"*s  often  had 
o  explain  embarrassing  facts ;  others  regarded  it  as  a  confirmation 
)r  a  consequence  of  the  famous  hypothesis  of  the  central  fire — an 
hypothesis  which  had  been  framed  in  the  most  ancient  times,  and 
rhich  had  been  in  turn  adopted  or  rejected  by  philosophers.  Gon- 
Knne  appears  to  be  the  first  observer  who  carried  the  thermometer 
to  gradually  increasing  depths,  and  who  discovered  the  important 
bet  that  the  temperature  augments  with  the  depth.  These  experi- 
ments go  back  to  1740,  and  were  made  in  the  lead-mines  of  Giro- 
magny,  at  three  leagues  from  Effort.] 

211)6.  Temperature  of  sprirujs. — The  permanency  of  the  tempe- 
ratures of  the  inferior  strata  is  rendered  manifest  by  the  uniformity 
of  the  temperature  of  springs,  of  which  the  water  rises  from  any 
considerable  depths.  At  all  seasons  of  the  year  the  water  of  such 
Bpriogs  maintains  [very  nearly]  the  same  uniform  temperature;  [it 
attains  its  maximum  about  the  month  of  September^  and  its  mini- 
mam  in  March ;  the  difference  between  these  two  epochs  reaching 
&om  2°  to  4°.] 

It  may  be  assumed  that  the  [mean]  temperature  of  the  water  pro- 
ceeding from  such  springs  is  that  of  the  strata  fr<fm  which  they  rise. 
In  these  latitudes  it  is  found  in  general  to  be  a  little  above  the  mean 
temperature  of  the  air  for  ordinary  springs;  that  is  from  those  which 
probably  rise  from  strata  not  below  the  invariable  stratum.  In 
iugher  latitudes  the  excess  of  temperature  is  greater  [from  6^  to 
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8^];  a  ftot  which  is  io  accordance  with  what  has  been  alietdy 

explained. 

It  has  not  been  certainly  ascertained  whether  the  hot  springs,  some 
of  which  rise  to  a  temperature  little  less  than  that  of  boiling  water, 
derive  their  h^at  from  the  great  depth  of  the  strata  from  which  thej 
rise,  or  from  local  conditions  affecting  the  strata.  The  uniformity 
of  the  temperature  of  many  of  them  appears  to  favour  the  former 
hypothesis;  but  it  must  not  be  forgotten  that  other  geological  oon- 
ditions  besides  mere  depth  may  operate  with  the  same  permanency 
and  regularity. 

2197.  Thermal  conditions  of  seas  and  lakes. — The  anomaloos 
ouality  manifested  in  the  dilatation  of  water  when  its  temperature 
tails  below  38^*8  Fahr.  (1395),  and  its  consequent  maximum  density 
at  that  temperature,  is  attended  with  most  remarkable  and  important 
consequences  in  the  phenomena  of  the  waters  of  the  globe,  and  in 
the  economy  of  the  tribes  of  organised  creatures  which  inhabit 
them.  It  is  easy  to  show  that,  but  for  this  provision,  exceptional 
and  anomalous  as  it  seems,  disturbances  would  take  place,  and 
changes  ensue,  which  would  be  attended  with  effects  of  the  most 
injurious  description  in  the  economy  of  nature. 

If  a  large  collection  of  water,  such  as  an  ocean,  a  sea,  or  a  lake, 
be  exposed  to  continued  cold,  so  that  its  superficial  stratum  shall 
have  its  temperature  constantly  reduced,  the  following  effects  will  be 
manifested. 

The  superficial  stratum  falling  in  temperature,  will  become  heavier, 
volume  for  volume,  than  the  strata  below  it,  and  will  therefore  sink, 
the  inferior  strata  rising  and  taking  its  place.  These  in  their  turn 
being  cooled  will  sink,  and  in  this  manner  a  continual  system  of 
downward  and  upward  currents  will  be  maintained,  by  means  of 
which  the  temperature  of  the  entire  mass  of  liquid  will  be  continu- 
ally equalized  and  rendered  uniform  from  the  surface  to  the  bottom. 
This  will  continue  so  long  as  the  superficial  stratum  is  rendered 
\  heavier,  volume  for  volume,  than  those  below  it,  by  being  lowered 
\  in  temperature.  But  the  superficial  stratum,  and  all  the  inferior. 
\  strata,  will  at  length  be  reduced  to  the  uniform  temperature  of  38^-8., 
After  this  the  system  of  currents  upwards  and  downwards  will  cease* 
The  several  strata  will  assume  a  'state  of  repose.  When  the  super- 
ficial stratum  is  reduced  to  a  temperature  lower  than  38°*8  (which 
is  that  of  the  maximum  density  of  water),  it  will  become  lighter, 
volume  for  volume,  instead  of  being  heavier  than  the  inferior  strata. 
It  will  therefore  float  upon  them.  The  stratum  immediately  below 
it,  and  in  contact  with  it,  will  be  reduced  in  temperature,  but  in  a 
less  degree;  and  in  like  manner  a  succession  of  strata,  one  below 
the  other,  to  a  certain  depth,  will  be  lowered  in  temperature  by  the 
cold  of  those  above  them,  but  each  stratum  being  lighter  than  those 
below,  will  remain  at  rest,  and  no  interchange  by  currents  will  take 
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lee  between  strttum  and  ttrminm.  If  water  were  a  good  con- 
ctor  of  beat,  the  cooling  effect  of  the  surface  would  extend  down- 
irds  to  a  considerable  depth.     Bat  wafer  being,  on  the  contrary, 

extremely  imperfect  conductor,  the  effect  of  the  superficial  tem- 
nture  will  extend  only  to  a  very  limited  depth  ;  and  at  and  below 
•t  limit,  the  uniform  temperature  of  38^*8,  that  of  the  greatest 
of&ity,  will  be  maintained. 

This  state  of  repose  will  continue  until  the  superficial  stratum  falls 
82^,^^  after  which  it  will  be  congealed.  When  its  surface  is  so- 
lified,  if  it  be  still  exposed  to  a  cold  lower  than  32^,  the  tempera- 
re  of  the  surface  of  the  ice  will  continue  to  fall,  and  this  reduced 
nperature  will  be  propagated  down?rard,  diminishing,  however,  in 
gree,  ao  as  to  reduce  the  temperature  of  the  stratum  on  which  the 
B  rests  to  32^,  and  therefore  to  continue  the  process  of  congelation, 
id  to  thicken  the  ice. 

If  ice  were  a  good  conductor  of  heat,  this  downward  process  of 
ngelation  would  be  continued  indefinitely,  and  it  would  not  be 
I  possible  that  the  entire  mass  of  water  from  the  surface  to  the  hot- 
m,  whatever  be  the  depth,  might  be  solidified.  Ice,  however,  is 
arly  as  bad  a  conductor  of  heat  as  water,  so  that  the  superficial 
Bipcrature  can  be  propagated  only  to  a  very  inconsiderable  depth  ; 
d  it  is  found  accordingly,  that  the  crust  of  ice  formed  even  on  the 
rface  of  the  polar  seas,  does  not  exceed  the  average  thickness  of 
enty  feet. 

[2197*.  Temperature  and  congelation  of  rivers. — In  rivers,  the 
stribution  of  heat  follows  other  laws,  on  account  of  the  motion  of 
insUtion  of  the  liquid  molecules.  There  results  from  this,  in  fact, 
continual  mixture  of  the  upper  and  lower  strata,  which  tends  to 
tablish  a  uniform  temperature  in  the  whole  ma^.     Nevertheless, 

this  motion  is  different  at  the  surface  and  at  the  bottom,  in  the 
iddle  of  the  river  and  near  the  shores,  we  should  expect  many  ac- 
dental  phenomena  determined  by  these  circumstances.  Among 
eae  phenomena,  those  of  congelation  alone  have  been  observed 
ith  any  care.  It  has  been  established,  by  decisive  experiments, 
aty  in  certain  cases,  congelation  commences  at  the  surface,  and 
lat,  in  other  cases,  on  the  contrary,  it  commences  at  the  bottom. 

When  rivers  are  covered  with  Jloating  ice,  we  may  say,  in  general, 
tat  all  these  blocks,  which  dash  against  each  other,  and  consc- 
lently  assume  rounded  or  angular  forms,  were  originally  formed  at 
i&  surface :  some  were  detached  from  the  shores ;  but  others  were, 

first,  only  small  particles,  which  gained  size  as  they  floated  on  the 
iter. 

The  fbrmation  of  the  first  pieces  is  not  doubtful,  since  we  see  the 
ores  covered  with  a  layer  of  ice  which  is  constantly  beaten  and 

*  For  s«a-water  th«  fraesing  point  is  28}o. 
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broken  by  the  waves.  It  is  then  that  congelation  commenoes,  bo- 
canse  generally  the  water  is  there  less  deep,  and  because  it  is  in  coo- 
tact  with  the  shore,  which  is  constantly  cooled  by  the  air  and  radia- 
tion. The  ice  which  is  attached  thereto,  is  cooled  itf  its  tnm  by  this 
double  cause,  and  becomes  then,  as  the  shore  itself,  a  cold  body,  ca- 
pable of  chilling  what  touches  it.  The  lump  or  even  imperceptible 
fragments,  into  which  this  mass  is  broken,  float  by  their  specific 
levity  :  they  become  cooler  than  the  water,  and  the  drops  which  iall 
on  their  borders  congeal  instantly. 

The  formation  of  pieces  of  ice  at  the  surface,  and  far  from  the 
shores  and  all  solid  bodies,  has  been  called  in  question  by  some 
physicists :  and  it  is  difficult  to  prove  it  directly,  for  it  may  be  sud 
that  the  pieces  which  are  found  there  were  detached  from  the  shores 
by  the  waves.  But  it  must  be  admitted  that  the  free  surface  of  the 
water  may  be  indefinitely  cooled  below  32^,  and  that  thus  finally, 
notwithstanding  the  agitation,  it  must  give  birth  to  needles  of  ice 
which  subsequently  grow  on  cooling,  by  contact  of  the  air  and  radi- 
ation. 

The  formation  of  ice  at  the  very  bottom  of  the  water  was  long 
contested ;  but  able  observers  have  obtained  direct  proof  of  it,  and 
it  remains  only  to  seek  the  cause.  The  agitated  waters  of  rivers 
may  doubtless  fall  several  degrees  below  32°  without  freezing; 
and  when  the  depth  is  not  great,  the  whole  thickness  of  the  liquid 
stratum  may  participate  in  this  depression  of  temperature.  The 
solid  substances  at  the  bottom  at  length  ^participate  in  it  themselves 
by  their  prolonged  contact  with  the  water,  and  the  agitation  at  the 
bottom  is  less  than  at  the  surface.  The  inequalities  of  the  bed 
form  a  multitude  of  little  hollows  where  the  water  is  only  feebly 
agitated ;  and  in'  them  we  may  conceive  congelation  to  take  place, 
and  even  more  rapidly  than  at  the  surface.] 

2198.  Thermal  coiidition  of  a  frozen  sea, — The  thermal  eondi* 
tion,  therefore,  of  a  frozen  sea,  is  a  state  of  molecular  reposci  as  ab- 
solute as  if  the  whole  mass  of  liquid  were  solid.  The  temperature 
at  the  surface  of  the  ice  being  below  the  freezing  point,  increases  in 
descending  until  it  rises  to  the  freezing  point,  at  the  stratum  where, 
the  ice  ceases,  and  the  liquid  water  commences.  Below  this  the 
temperature  still  augments  until  it  reaches  38^*8,  the  temperature 
of  maximum  density  of  water,  and  this  temperature  is  continned 
uniform  to  the  bottom. 

2199.  Process  of  thawing. -rli^i  us  now  consider  what  effeets 
will  be  produced,  if  the  superficial  strata  be  exposed  to  an  increase 
of  temperature.  After  the  fusion  of  the  ice,,  the  temperature  of  the 
surface  will  gradually  rise  from  32°  to  38°-8,  the  temperature  of 
greatest  density.  When  the  superficial  stratum  rises  above  32°,  it 
will  become  heavier  thai\  the  stratum  under  it,  and  an  interehaim 
by  currents;  and  a  consequent  equaliiation  of  temperature,  will  tan 
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place,  and  this  will  contiDiie  UDtil  the  superficial  stratum  attains  the 
temperature  of  38^*8,  when  the  temperature  of  the  whole  mass  of 
water  from  the  surface  to  the  bottom  will  become  uniform. 

After  this  a  further  elevation  of  the  temperature  of  the  superficial 
stratum  will  render  it  lighter  than  those  below  it,  and  no  currents 
will  be  produced,  the  liquid  remaining  at  rest;  and  this  state  of 
repose  will  continue  so  long  as  the  temperature  continues  to  rise. 

Every  fall  of  the  superficial  temperature,  so  long  as  it  continues 
above  88^*8,  will  be  attended  with  an  interchange  of  currents  be- 
tween the  superficial  and  those  inferior  strata  whose  temperature  is 
mbove  38^*8,  and  a  constant  equalization  of  temperature. 

2200.  Depth  of  $tratum  of  constant  temperature  in  oceans  and 
seoj.  —  It  appears,  therefore,  to  result  as  a  necessary  consequence 
from  what  has  been  explained,  and  this  inference  is  fully  confirmed 
bj  experiment  and  observations,  that  there  exists  in  oceans,  seas,  and 
other  large  and  deep  collections  of  water,  a  certain  stratum,  which 
retains  permanently,  and  without  the  slightest  variation,  the  tempe- 
rature of  38^*8,  which  characterizes  the  state  of  greatest  density, 
and  that  all  the  inferior  strata  equally  share  this  temperature.  At 
the  lower  latitudes,  the  superior  strata  have  a  higher,  at  the  higher 
latitudes  a  lower  temperature,  and  at  a  certain  mean  latitude  tbo 
stratum  of  invariable  temperature  coincides  with  the  surface. 

In  accordance  with  this,  it  has  been  found  by  observation  that  in 
the  torrid  zone,  where  the  superficial  temperature  of  the  sea  is  about 
83®,  the  temperature  decreases  with  the  depth  until  we  attain  the 
stratum  of  invariable  temperature,  the  depth  of  which,  upon  the 
Line,  is  estimated  at  about  7000  feet.  The  depth  of  this  stratum 
gradually  diminishes  as  the  latitude  increases,  and  the  limit  at  which 
it  eoincides  with  the  surface  is  somewhere  between  55^  and  G0°. 
Above  this  the  temperature  of  the  sea  increases  as  the  depth  of  the 
stratum  increases,  until  we  sink  to  the  stratum  of  invariable  tempe- 
rature, the  depth  of  which  at  the  highest  latitudes  (at  which  obser- 
vations have  been  made)  is  estimated  at  about  4500  feet. 

2201.  Effect  of  superfcial  agitation  of  the  sea  extends  to  only  a 
tmali  depth.  —  It  might  be  imagined  that  the  temperature  of  iho 
surface  would  be  propagated  downwards,  and  that  a  thermal  equal- 
isation might  therefore  be  produced  by  the  intermixture  of  the  supe- 
rior with  the  inferior  strata,  arising  from  the  agitatiob  of  the  surface 
of  the  waters  by  atmospheric  commotions.  It  is  found,  however, 
that  these  effects,  even  in  the  case  of  the  most  violent  storms  and 
hurricanes,  ettend  to  no  great  depth,  and  that  while  the  surface  of 
the  ocean  is  furrowed  by  waves  of  the  greatest  height  and  extent, 
the  inferior  strata  are  in  the  most  absolute  repose. 

2202.  Destructive  effects  ichich  would  be  produced  if  water  had 
mot  a  point  of  maximum  density  altove  its  point  of  congelation.  — 
If  water  followed  the  general  law,  in  virtue  of  which  all  bodies  become 

4* 
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more  deose  as  their  temperatare  is  lowered,  a  oontinaed  frort 
congeal  the  ocean  from  its  surface  to  the  bottom ;  and  certainly  would 
do  80  in  the  polar  regions ;  for  in  that  case  the  system  cf  vertieal 
currents,  passing  upwards  and  downwards  and  producing  an  equalia- 
tion  of  temperature,  which  has  been  shown  to  prevail  above  38^*8, 
would  equally  prevail  below  that  point,  and  consequently  the  same 
equalization  of  temperature  would  be  continued,  until  the  entire  maai 
of  water,  from  the  surface  to  the  bottom,  would  be  reduced  to.  the 
point  of  congelation,  and  would  consequently  be  converted  into  a 
solid  mass,  all  the  organized  tribes  inhabiting  the  waters  being 
destroyed. 

The  existence  of  a  temperature  of  maximum  density  at  a  point  of 
the  tbermometrio  scale  above  the  point  of  congelation  of  water,  com- 
bined with  the  very  feeble  conducting  power  of  water,  whether  in 
the  liquid  or  solid  state,  renders  such  a  catastrophe  impossible. 

2203.  Variations  of  the  temperature  of  the  air  at  sea  and  on 
land. — The  air  is  subject  to  less  extreme  changes  of  temperatare  at 
sea  than  on  land.  Thus,  in  the  torrid  zone,  while  the  temperature 
on  land  suffers  a  diurnal  ^variation  amounting  to  10^,  the  extreme 
diurnal  variation  at  sea  does  not  exceed  8}^.  In  the  temperate  lone 
the  diurnal  variation  at  sea  is  limited  generally  to  about  5j^^,  while 
on  continents  it  is  very  various  and  everywhere  considerable.  In 
different  parts  of  Europe  it  varies  from  20^  to  25^. 

At  sea  as  on  land  the  time  of  lowest  temperature  is  that  of  sun- 
rise, but  the  time  of  greatest  heat  is  about  noon,  while  on  land  it  is 
at  two  or  three  hours  after  noon. 

On  comparing  the  temperature  of  the  air  at  sea  with  the  super- 
ficial temperature  of  the  water,  it  has  been  found  that  between  the 
tropics  the  air,  when  at  its  highest  temperature,  is  warmer  than  tho 
'^  water,  but  that  ita  mean  diiirual  temperature  is  lower  than  that  of 
the  water.  [The  temperature  of  the  air  and  water  was  observed 
every  4  hours  by  Captain  Duperrey ;  and  in  1850  observations  made 
between  0°  and  20°  lat.  N.  and  S.,  during  his  voyage  round  the  world, 
the  sea  was  found  warmer  than  the  air  1371  times,  and  the  air 
warmer  than  the  sea  only  479  times.] 

In  latitudes  between  25*^  and  50®  the  temperatare  of  the  air  is 
very  rarely  higher  than  that  of  the  water,  and  in  the  pobir  regions 
the  air  is  never 'found  as  warm  as  the  surface  of  the  water.  It  is, 
on  the  contrary,  in  general  at  a  very  much  lower  temperature. 

2204.  Interchange  of  equatorial  and  polar  icaters,  —  Much  un- 
certainty prevails  as  to  the  thermal  phenomena  manifested  in  the 
vast  collections  of  water  which  cover  the  greater  part  of  the  surface 
of  the  globe.  It  appears,  however,  to  ^e  admitted  that  the  currents 
caused  by  the  difference  of  the  pressures  of  strata  at  the  same  level 
in  the  polar  and  equatorial  seas,  produce  an  interchange  of  waters, 
which  contributes  in  a  great  degree  to  moderate  the  extreme  thermal 


TERRESTRIAL  llEAT.  43 

efeeto  of  these* regions,  the  cairent  from  the  pole  redacing  the  tem- 
pentare  of  the  equatorial  waters,  and  that  from  the  line  raising  tho 
tesperatare  of  the  polar  waters  and  coDtributing  to  the  fusion  of 
the  ice.  A  superficial  cnrrent  directed  from  tho  line  towards  the 
pole!!  carries  to  the  colder  regions  the  heated  waters  of  the  tropics, 
wkile  a  counter  current  in  the  inferior  strata  carries  from  the  poles 
tjwards  the  line  the  colder  waters.  Although  the  prevalenee  of 
tiufse  currents  maj  be  regarded  as  established,  they  are  nevertheless 
modified,  both  in  their  intensity  and  direction,  by  a  multitude  of 
caoaet  connected  with  the  depth  and  form  of  the  bottom,  and  the  local 
influence  of  winds  and  tides. 

2205.  I^Aar  ice.  —  The  stupendous  mass  of  water  in  the  solid 
itate  which  forms  an  eternal  crust  encasing  the  regions  of  the  globe 
inmediately  around  the  poles,  presents  one  of  the  grandest  and  most 
iBposiog  classes  of  natural  phenomena.  The  otoervations  and  re- 
Karcbes  of  Captain  Scoreeby  have  supplied  a  great  mass  of  valuable 
iBformation  in  this  department  of  physical  geography. 

2206.  Extent  and  character  of  the  icejkhh,  —  Upon  the  coasts 
of  SfHtzbcrgen  and  Greenland  vast  fields  of  ice  are  found,  the  extent 
of  which  amounts  to  not  less  than  thirty  to  fifty  hundred  square 
miles,  the  thickness  varying  from  twenty  to  twenty-five  feet.  [8omc 
of  the  fields  of  ice  observed  by  Captain  Scoresby  were  nearly  a  hun- 
dred miles  in  length,  and  more  than  half  that  breadth.]  The  sur- 
face is  sometimes  so  Qven  that  a  sledge  can  run  without  difficulty  for 
13  hundred  miles  in  the  same  direction.  It  is,  however,  in  some 
places,  on  the  contrary,  as  uneven  as  the  surface  of  land,  the  masses 
of  ice  collecting  in  columns  and  eminences  of  a  variety  of  forms, 
lising  to  heights  of  from  twenty  to  thirty  feet,  and  presenting  the 
most  striking  and  picturesque  appearances.  These  prodigious  crys- 
tals sometimes  exhibit  gorecous  tints  of  greenish  blue,  resembling 
the  topaz,  and  sometiurcs  this  is  varied  by  a  thick  covering  of  snow 
upon  their  summits,  which  are  marked  by  an  endless  variety  of  form 
and  outline. 

2207.  Production  of  irdtcrgi  hy  their  fracture, — These  vast  ice 
fields  arc  sometimes  suddenly  broken,  by  the  pressure  of  the  sub- 
jacent waters,  into  fragments  presenting  a  surface  of  from  100  to 
2<'M)  square  yards.  These  being  dispersed,  are  carried  in  various 
directions  by  currents,  and  sometimes  by  the  effect  of  intersecting 
currents  they  are  brought  into  collision  with  a  fearful  crash.  A  ship 
which  might  chanco  in  such  a  case  to  be  found  between  tho  in  could 
Di>  more  resist  their  force  than  could  a  glass  vessel  the  efToct  of  a 
cannon  ball.  Terrible  disasters  occur  from  time  to  time  from  this 
eau«e.  It  is  by  the  effects  of  these  currents  upon  tho  floating  masses 
of  broken  ice  that  these  seas  are  opened  to  tho  polar  navigators.  It 
is  thus  that  whalers  arc  enabled  to  reach  the  parallels  from  70^  to 
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80^,  which  are  the  favonrite  resort  of  those  monstetB  of  tlie  deep 
which  they  pursue. 

2208.  Their  formsy  and  magnitude.  —  Sometimes  after  such  col- 
lisioDB  new  icebergs  arise  from  the  fragments  which  are  heaped  one 
upon  another,  ^^  PcHon  on  Ossa/'  more  stupendous  still  than  those 
which  have  been  broken.  In  such  cases  the  masses  which  result 
assume  forms  infinitely  various,  rising  often  to  an  elevation  of  thirty 
to  fifty  feet  above  the  surface  of  the  water ;  and  since  the  weight  of 
ice  is  about  four-fifths  of  the  weight  of  its  own  bulk  of  water  (787), 
it  follows  that  the  magnitude  of  these  masses  submerged  is  four 
times  as  great  as  that  which  is  above  the  surface.  The  total  height 
of  these  floating  icebcrss,  therefore,  including  the  part  8ubmei;ged, 
must  be  from  150  to  2^  feet. 

2209.  Sunken  icebergs,  —  It  happens  sometimes  that  two  such 
icebergs  resting  on  the  extremities  of  a  fragment  of  ice  100  or  120 
feet  in  length,  keep  it  sunk  at  a  certain  depth  below  the  sur&ee  of 
the  water.  A  vessel  in  such  cases  may  sail  between  the  ioebeigv 
and  over  the  sunken  ice ;  but  such  a  course  is  attended  with  the 
greatest  danger,  for  if  any  accidental  cause  should  detach  either  d 
the  icebergs  which  keep  down  the  intermediate  mass  while  the  ship 
is  passing,  the  latter  by  its  buoyancy  will  rise  above  the  surface,  and 
will  throw  up  the  ship  with  irresistible  force. 

^  2210.   Singulxtr  effects  of  their  sujyerjicial  fusion, — ^Icebergs  are 

•  i      observed  in  Baffin's  Bay  of  much  greater  magnitude  than  off  the 

V  coast  of  Greenland.     They  rise  there  frequently  to  the  heieht  of 

>   ^     100  to  130  feet  above  the  surface,  and  their  total  height,  including 

the  part  immersed,  must  therefore  amount  to  500  or  650  feet.     These 

masses  appear  generally  of  a  beauUful  blue  colour,  and  having  all 

the  transparency  of  crystals.     During  the  summer  months,  when 

'  ;   J^  .  the  sun  in  these  high  latitudes  never  sets,  a  superficial  fusion  is  pro- 

"*  duced,  which  causes  immense  cascades,  which,  descending  from  their 

s    -^      summit  and  increasing  in  volume  as  they  descend,  are  precipitated 

;  into  the  sea  in  parabolic  curves.     Sometimes,  on  the  approach  of  the 

Y    I      cold  season,  these  liquid  arches  are  seized  and  solidified  by  the  in- 

;       tensity  of  the  cold  without  losing  their  form,  and  seem  as  if  caught 

K^  in  their  flight  between  the  brink  from  which  they  were  projected  and 

the   surface,  and   suddenly  congealed.     These   stupendous   arches, 

J       however,  do  not  always  possess  cohesion  in  proportion  to  their  weight, 

r       and  after  augmenting  in  volume  to  a  certain  limit,  sink  under  their 

^       weight,  and,  breaking  with  a  terrific  crash,  fall  into  the  sea. 

2211.  Depth  of  polar  seas. — The  depth  of  the  seas  off"  the  ooast 
^  of  Greenland  is  not  considerable.  Whales,  being iiarpooned,  often 
H  plunge  in  their  agony  to  the  bottom,  carrying  with  them  the  harpoon 
N'  and  line  attached  to  it.  When  they  float  they  bear  upon  their  bodies 
evidence  of  having  reached  the  bottom  by  the  impression  they  re- 
^       tain  of  it ;  and  the  length  of  line  they  carry  with  them  in  such 
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ftt  tbe  deptb  does  not  exceed  3000  or  4000  feet.     About  the 
f  the  space  between  Spitzbcrgen  and  Greenland  the  sound- 

9  reached  8000  feet  without  finding  bottom. 

Coid  of  the  polar  retjionz.  —  The  degree  of  cold  of  the 
(ions,  like  the  temperature  of  all  other  parts  of  the  globe, 
on  the  extent  and  depth  of  the  seas.  If  there  be  extensive 
'  surface  not  covered  by  water,  or  covered  only  by  a  small 
le  influence  of  the  water  in  moderating  and  equalizing  the 
nre  js  greatly  diminished.  Hence  it  is  that  the  temperature 
rath  pc^ar  regions  is  more  moderate  than  that  of  the  north. 
i«ing  the  latitude  of  the  New  Orcades  and  the  New  Shet- 
hich  form  a  barrier  of  ice,  the  navigator  enters  an  open  sea, 
oeording  to  all  appearance,  extends  to  the  pole.  Much,  how- 
11  remains  to  be  discovered  respecting  the  physical  condition 
legions. 

Solar  and  celestial  heat  —  Whatever  may  be  the  sources 
Hal  heat,  the  globe  of  the  earth  would,  after  a  certain  time, 
!ed  to  a  state  of  absolute  cold,  if  it  did  not  receive  from  ex- 
lurccs  the  quantity  of  heaib  necessary  to  repair  its  losses.  If 
e  were  suspended  in  space,  all  other  bodies  from  which  heat 
t  supplied  to  it  being  removed,  the  heat  which  now  pervades 
b  and  its  surrounding  atmosphere  would  be  necessarily  dissi- 
r  radiation;  and  would  thus  escape  into  the  infinite  depths  of 
The  temperature  of  the  atmosphere*,  and  those  of  the  sue- 
rtrata,  extending  from  the  surface  to  the  centre  of  the  globe, 
lus  be  continually  and  indefinitely  diminished. 
0  such  fall  of  temperature  takes  place,  and  as,  on  the  con- 
le  mean  temperature  of  the  globe  is  maintained  at  an  inva- 
andard,  the  variations  incidental  to  season  and  climate  being 
dical,  and  producing  in  their  ultimate  result  a  mutual  com- 
n,  it  remains  to  be  shown  from  what  sources  the  heat  is 
which  maintains  the  mean  temperature  of  the  globe  at  this 
le  standard,  notwithstanding  the  large  amount  of  heat  which 
by  radiation  into  the  surrounding  space. 
lie  bodies  of  the  material  universe,  which  are  distributed  in 
B  numbers  throughout  the  infinitude  of  space,  are  sources  of 
d  centres  from  which  that  physical  agent  is  radiated  in  all 
18.  The  effect  produced  by  the  radiation  of  each  of  these 
tes  in  the  same  proportion  as  the  square  of  its  distance  in- 

The  fixed  stars  are  bodies  analogous  to  our  sun,  and  at  dis- 
y  enormous  that  the  effect  of  the  radiation  of  any  individual 
Itogether  insensible.  When,  however,  it  is  considered  that 
Ititude  of  these  stars  spread  over  the  firmament  is  so  prodi- 
it  in  some  places  many  thousand  are  crowded  together  within 

10  greater  than  that  occupied  by  the  disc  of  the  full  moon, 
vt  be  matter  of  surprise  that  the  feebleness  of  thermal  in- 
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fluenoe,  dae  to  their  immenge  distances,  b  compensated  to  a  great 
extent  by  their  countiesa  number ;  and  that,  consequently,  their  calo- 
rific effects  in  those  regions  of  space  through  which  the  earth  passes 
in  its  annual  course  is,  as  will  presently  appear,  not  only  fiir  from 
being  insensible^  but  is  very  little  inferior  to  the  calorific  power  of 
the  sun  iteelf. 

We  are,  then,  to  consider  the  waste  of  heat  which  the  earth  anffers 
by  radiation  as  repaired  by  the  heat  which  it  receivea  from  two 
sources,  the  sun  and  the  stellar  universe ;  and  it  remains  to  explain 
what  is  the  actual  quantity  of  heat  thus  supplied  to  'the  earth|  and 
what  proportion  of  it  is  due  to  each  of  these  causes. 

2214.  Quantify  of  heat  emitted  by  the  sun. — An  elaborate  aeries 
of  experiments  were  made  by  M.  Pouillet,  and  concluded  in  1838, 
with  the  view  of  obtaining,  by  means  independent  of  all  hypothesii 
as  to  the  physical  character  of  the  sun,  an  estimate  of  the  actual 
calorific  power  of  that  luminary.  A  detailed  report  of  these  obeeN 
vations  and  experiments,  and  an  elaborate  analysis  of  the  reaolts 
derived  from  them,  appeared  in  the  Transactions  of  the  Academy  <^ 
Sciences  of  Paris  for  that  year. 

It  would  be  incompatible  with  the  elementary  nature  and  the  con- 
sequent limits  of  this  work,  to  enter  into  the  details  of  these  re- 
searches. We  shall^  therefore,  confine  ourselves  here  briefly  to  state 
their  results. 

When  the  firmament  is  quite  unclouded,  the  atmo^hcre  absorbs 
about  one-fourth  of  the  heat  of  those  solar  rays  which  enter  it  ve^ 
tically.  A  greater  absorption  takes  place  for  rays  which  enter  it 
obliquely,  and  the  absorption  is  augmented'  in  a  certain  ascertained 
proportion,  with  the  increase  of  obliquity.  It  results  from  the  ana- 
lysis of  the  results  obtained  in  the  researches  of  M.  Pouillet,  that 
about  forty  per  cent,  of  all  the  heat  transmitted  by  the  sun  to  the 
earth,  is  absorbed  by  the  atmosphere,  and  that  consequently  only 
sixty  per  cent,  of  this  heat  reaches  the  surface.  It  must,  however, 
be  observed  that  a  part  of  the  radiant  heat,  intercepted  by  the  atmo- 
sphere, raising  the  temperature  of  the  air,  is  afterwards  transmitted, 
as  well  by  radiation  as  by  contact,  from  the  atmosphere  to  the  earth. 

]{y  means  of  direct  observation  and  experiment  made  with  instru- 
ments contrived  by  him,  called  pyrheliometers,  by  means  of  which 
the  heat  of  the  solar  radiation  was  made  to  affect  a  known  weight  of 
water  at  a  known  temperature,  M.  Pouillet  ascertained  the  actual 
quantity  of  heat  which  the  solar  rays  would  impart  per  minute  to  a 
surface  of  a  given  magnitude,  on  which  they  would  fall  vertically. 
This  being  determined,  it  was  easy  to  c«ilculute  the  quantity  of  heat 
imparted  by  the  sun  in  a  minute  to  the  hemisphere  of  the  earth  which 
is  presented  to  it,  for  that  quantity  is  the  same  which  would  be  im- 
parted to  the  surface  of  the  great  circle  which  forms  the  base  of  that 
bemispherey  if  the  solar  rays  were  incident  perpendicularly  upon  it. 
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2216.  Solar  heat  at  the  earth  would  melt  a  shell  of  ice  100  feet 
Aick  in  a  year. — In  this  manner  it  was  ascertained  bj  M.  Pouillet, 
that  if  the  total  quantity  of  heat  which  the  earth  receives  from  the 
Ban  in  a  year  were  uniformly  diffused  over  all  parts  of  the  surface, 
and  were  completely  absorbed  in  the  fusion  of  a  shell  of  ice  encrust- 
ing the  globe,  it  would  be  sufficient  to  liquefy  a  depth  of  100  feet 
of  toch  shell. 

Since  a  cubic  foot  of  ice* weighs  54  lbs.,  it  follows  that  the  average 
annual  supply  of  heat  received  from  the  sun  per  square  foot  of  the 
earth's  surface  would  be  sufficient  to  dissolve  5400  lbs.  weight  of  ice. 

2216.  Calculation  of  the  actual  quantity  of  heat  emitted  hy  the 
aim.  —  This  fiict  being  ascertained  supplies  the  means  of  calculating 
the  quantity  of  heat  emitted  from  the  surface  of  the  sun,  indepcnd- 
enUy  of  any  hypothesis  respecting  its  physical  constitution. 

It  ia  erident  from  the  uniform  calorific  effects  produced  by  the 
solar  rays  at  the  earth,  while  the  sun  revolves  on  its  axis,  exposing 
tttcceflNToly  every  side  to  the  earth  in  the  course  of  about  twenty- 
five  days,  that  the  calorific  emanation  from  all  parts  of  the  solar  sur- 
free  is  the  same.  Assuming  this,  then,  it  will  follow,  that  the  beut 
which  the  surface  of  a  sphere  surrounding  the  sun  at  the  distance 
of  tbe  earth  would  receive  would  be  so  many  times  more  than  the 
heat  received  by  the  earth  as  tbe  entire  surface  of  such  sphere  would 
be  greater  than  that  part  of  it  which  the  earth  would  occupy.  The 
calculation  of  this  is  a  simple  problem  of  elementary  geometry. 

But  such  a  spherical  suHface  surrounding  tbe  sun  and  conceutrical 
with  it,  would  necessarily  receive  all  the  heat  radiated  by  that  lumi- 
nary, and  the  result  of  fbe  calculation  proves  that  the  quantity  of 
heat  emitted  by  the  sun  per  minute  is  such  as  would  suffice  to  dis- 
solve a  shell  of  ice  enveloping  the  sun,  and  having  a  thickness  of 
38 A  feet;  and  that  the  heat  emitted  per  day  would  dissolve  such  a 
ihell,  having  a  thickness  of  55748  feet,  or  about  10}  miles. 

2217.  Heat  at  sun*$  surface  seven  times  as  intense  as  that  of  a 
hUut  furnace, — ^The  most  powerful  blast  furnaces  do  not  emit  for  a 
given  extent  of  fire  surface  more  than  the  seventh  part  of  ibis 
quantity  of  heat.  It  must  therefore  be  inferred  that  each  square 
foot  of  tbe  surface  of  the  sun  emits  about  seven  times  as  much  heat 
aa  u  iaaued  by  a  square  foot  of  the  fire  surface  of  the  fiercest  blast 
furnace. 

2218.  Temperature  of  the  celestial  spaces. — When  the  surface  of 
the  earth  during  the  night  is  exposed  to  an  unclouded  sky,  an  intcr- 
diauge  of  heat  takes  place  by  radiation.  It  radiates  a  certain  part 
of  the  heat  which  pervades  it,  and  it  receives,  on  the  other  hand, 
the  heat  radiated  from  two  sources,  1st,  from  the  strata  of  atmo- 
nhere,  extending  from  the  surface  of  tlie  earth  to  the  summit  of 
the  atmospheric  column,  and  2d,  from  the  celestial  spaces,  which  lie 
oatfide  this  limit,  and  which  receive  their  heat  from  the  radiation 
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of  the  countless  numbers  of  suns  which  oompose  the  stelhur  nnmne. 
M.  Pouillet,  by  a  series  of  ingeniously  contrived  experiments  aad 
observations,  made  with  the  aid  of  an  apparatus  contrived  by  him, 
called  an  acdnom/^tcr,  has  been  enabled  to  obtain  an  approximtte 
estimate  of  the  proportion  of  the  heat  received  by  the  earth  whi^ 
is  due  to  each  of  these  two  sources,  and  thereby  to  determine  the 
actual  temperature  of  the  region  of  space  through  which  the  earth 
and  planets  move.  The  objects  and  limits  of  this  work  do  not  per- 
mit us  to  give  the  details  of  these  researches,  and  we  must  thenfon 
confine  ourselves  here  to  the  statement  of  their  results. 

It  appears  from  the  observations,  that  the  actual  temperature  of 
space  is  included  between  the  minor  limit  of  315^,  and  the  major 
limit  of  207^  below  the  temperature  of  melting  ice,  or  between  — 283^ 
and  — 175°  Fahr.  At  what  point  between  these  limits  the  real  tem- 
perature lies,  is  not  yet  satisfactorily  ascertained,  bat  M.  PomUet 
thinks  that  it  cannot  differ  much  from  — 224°  Fahr. 

2219.  ITeat  received  by  earth  from  celestial  ma/ie  would  mdi^  in 
a  yewTy  eiyhty-five  feet  thick  of  ice. — It  is  proved  from  those  reaolts, 
that  the  quantity  of  heat  imparted  to  the  earth  in  &  year,  by  the  ra- 
diation of  the  celestial  space,  is  such  as  would  liquefy  a  spherical 
shell  of  ice,  covering  the  entire  surface  of  the  earth,  the  thickness 
of  which  would  be  eighty-five  feet,  and  that  forty  per  cent,  of  this 
quantity  is  absorbed  by  the  atmosphere. 

Thus  the  total  quantity  of  heat  received  annually  by  the  earth  is 
such  as  would  liquefy  a  spherical  shell  of  ice  185  feet  thick,  of  which 
100  feet  are  due  to  the  sun,  and  85  feet  to  the  heat  which  emanates 
from  the  stellar  universe. 

The  fact  that  the  celestial  spaces  supply  very  little  less  heat  to 
the  earth  annually  than  the  sun,  may  appear  strange,  when  the  very 
low  temperature  of  these  spaces  is  considered^  a  temperature  180^ 
lower  than  the  cold  of  the  pole  during  the  presence  of  the  sun.  It 
must,  however,  be  remembered  that  while  the  space  from  which  the 
solar  radiation  emanates  is  only  that  part  of  the  firmament  occupied 
by  the  disc  of  the  sun,  that  from  which  the  celestial  radiatioa  pro- 
ceeds is  the  entire  celestial  sphere,  the  area  of  which  is  about  two 
hundred  thousand  times  greater  than  the  solar  disc.  It  will  there- 
fore cease  to  create  surprise,  that  the  collective  effect  of  an  aroaso 
extensive  should  be  little  short  of  that  of  the  sun. 

The  caloric  effect  duo  to  the  solar  radiation,  according  to  the  cal- 
culations and  observations  of  M.  Pouillet,  exceeds  that  which  resulted 
from  the  formuhu  of  Poisson.  These  formulae  were  obtained  from 
the  consideration  of  the  variation  of  the  temperature  of  the  strata 
of  the  earth  at  different  depths  below  the  snrfiu^.  M.  Pouillet 
thinks  that  the  results  proceeding  from  the  two  methods  would  be 
brought  into  accordance  if  the  influence  of  the  atmosphere  on  solar 
heat^  which^  as  appears  from  what  has  been  explained^  ia  very  con- 
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■deimbk,  ooold  be  iatrodooed  in  a  more  diieot  manner  mto  Pois- 
■oq's  formolsB. 

2220.  Swfnmary  of  the  thermal  tffetU.  — In  fine,  therefore,  the 
reeearches  of  M.  Poaillet  give  the  followiDg  results,  which  must  be 
leceived  as  mere  approximations^  subject  to  correction  by  future 
obeervaUon  : 

Isi.  That  the  sun  supplies  the  earth  annually  with  as  much  heat 
as  would  liquefy  100  feet  thick  of  ice  ooveriDg  the  eotire  globe. 

2d.  That  the  celestial  spaces  supply  as  much  as  would  Uquefy  85 
feet  thick. 

8d.  That  40  per  cent  of  the  one  and  the  other  supply  is  absorbed 
hj  the  atmoephere,  aud  60  per  cent,  received  by  the  earth. 

4th.  That  of  the  heat  radiated  by  the  earth,  90  per  cent,  is  iutor- 
eepled  by  the  atmo^here,  aud  10  per  cent,  dispersed  in  space. 

5ih.  That  the  heat  evolved  on  the  surface  of  the  sun  in  a  day 
would  liquefy  a  shell  of  ice  10^  miles  thick,  enveloping  the  sun,  and 
the  iDiensity  of  the  solar  fire  is  seven  times  greater  than  that  of  the 
fiereeat  blast  furnace. 

6th.  That  the  temperature  of  space  outside  the  atmosphere  of  tho 
earth  is  — 224''  Fahr.,  or  256^  below  that  of  melting  ice. 

7th.  That  the  solar  heat  alone  constitutes  only  two-thirds  of  the 
eotire  quantity  of  heat  supplied  to  the  earth  to  repair  its  thermal 
lasses  by  terrestrial  radiation ;  and  that  without  the  heat  supplied  by 
stellar  radiation,  the  temperature  of  the  earth  would  fall  to  a  point 
which  would  be  incompatible  with  organic  life. 
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CHAP.  XL 

THX  AIR  AllD  ATMOSPHERIO  VAPOURS. 

2221.  Periodical  changes  in  the  atmospheric  preMure.  —  The  pe- 
riodical changes  to  which  the  pressure  of  the  atmosphere  is  subject, 
and  the  principal  causes  which  produce  them,  have  been  already  briefly 
indicated  (719.  et  seq,).  We  shall  now  explain  more  fully  some  of 
the  more  important  of  these  phenomena. 

It  has  been  customary  in  these  climates  to  observe  and  register  the 
hciffht  of  the  barometric  column  four  times  a  day,  at  9  a.  M.,  at  noon, 
at  3  P.  M.,  and  at  9  p.  M. 

The  mean  monthly  and  mean  annual  heights  are  obtained  from  a 
comparison  of  the  noon  observations.  The  diurnal  period  is  obtained 
from  a  comparison  of  the  morning  and  afternoon  observations. 

2222.  Mean  annual  height  of  barometer.  — The  mean  height  of 
the  haiometer  at  Paris,  obtained  from  observations  oontinued  from 
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1816  to  1886,  baa  been  asoertained  to  be  29-764  inebes  p'Sd^]. 
The  mean  annual  height  daring  this  period  did  not  vary  so  much  as 
twelve  hundredths  of  an  inch. 

2228.  Effect  of  winds  on  the  haromefrfc  column. — It  has  been 
fband  that  the  barometrio  oolnmn  is  affected  by  the  direction  and 
continuance  of  the  wind,  but  these  effects  are  not  the  same  in  all 
localities.  At  Pftris,  the  height  is  greatest  when  the  wind  blows 
from  the  north  or  north-east,  and  least  when  from  the  south  and 
south-west  The  extreme  dijfenence  of  the  mean  heights  during 
such  winds  was  found  to  be  twentjHseven  hundredths  of  an  inch. 
Obseryations  made  at  Metz  [for  nine  years]  by  Schuster  gave  a  like 
result,  but  with  a  little  less  aifferenoe.  At  Marseilles,  however,  no 
suoh  effect  has  been  observed,  but  rather  a  tendency  to  a  oontraiy 
change,  the  height  being  generally  above  the  mean  in  Boatherly 
winds,  and  below  it  in  north-westerly. 

2224.  Diurnal  variations  of  the  barometer.  —  A  long  series  of 
observaUons  on  the  diurnal  changes  in  the  barometer  establish  the 
existence  of  two  periods,  a  period  of  decrease  from  9  A.  M.  fo  8  P.  M., 
and  a  period  of  increase  from  8  p.  M.  to  9  p.  M.  The  mean  amount 
of  the  former,  taken  from  eleven  years'  observation  at  Pkris,  was 
0-0294  in.,  and  of  the  latter  0*0146  in.  The  decrease  from  9  A.  M. 
to  3  p.  M.  is  therefore  less  than  the  thirtieth  of  an  inch,  and  the  in- 
crease from  8  p.  M.  to  9  p.  m.  less  than  the  sixtieth  of  an  inch. 

A  comparison  of  tbese  variations  in  different  seasons  of  the  year 
shows  that  the  increase  of  the  evening  is  subject  to  very  minute  and 
irregular  changes,  but  that  the  changes  of  the  decrease  in  the  morn- 
ing are  both  more  considerable  and  more  regular,  the  amount  of  the 
decrease  being  always  least  in  November,  December,  and  Januaiy, 
and  greatest  in  February,  March,  and  April,  [and  of  an  intermediate 
and  variable  value  during  the  remaining  six  months  of  the  year.] 

During  the  night  the  barometer  falls  from  9  p.  M.  to  4  a.m.,  and 
rises  from  4  a.  m.  to  9  a.  m.,  [when  it  attains  its  maximum.] 

2225.  The  toinds.  —  No  meteorological  phenomenon  has  had  so 
many  observers,  and  there  is  none  of  which  the  theory  is  so  little 
understood,  as  the  winds.  The  art  of  navigation  has  produced  in 
every  seaman  an  observer,  profoundly  interested  in  the  discovery  of 
the  laws  which  govern  a  class  of  phenomena,  upon  the  knowledge 
of  which  depends  not  only  his  professional  success  but  his  personal 
security,  and  the  lives  and  property  committed  to  his  charge. 

The  chief  part  of  the  knowledge  which  has  been  collected  respect- 
ing the  causes  which  produce  these  atmospheric  currents  is  derived, 
nevertheless,  much  more  from  the  comparison  of  the  registers  of 
obeervatories  than  from  the  practical  experience  of  mariners. 

2226.  Winds  propagated  by  compression  and  rarcfuction. — ^Winds 
are  propagated  either  by  compression  or  by  rarefaction.  In  the 
former  case  they  are  developed  in  the  same  direction  in  which  they 
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Mow  ;  in  the  latter  case  they  are  developed  in  the  contrary  direction. 
Ti^  FfiidiT  this  intolligihle,  let  us  imagine  a  column  of  air  included  in 
a  tube.  If  a  piston  inserted  in  one  end  of  the  tube  be  driven  from 
iLc  ujouth  inwards,  the  air  contiguous  to  it  will  be  compressed,  and 
ti.is  p<irtinn  of  air  will  compress  the  succeeding  portion,  and  so  ou  ; 
the  compression  being  propagated  from  the  cud  at  which  the  piston 
cnrofK  tuirard  the  oppohite  end.  The  remote  end  being  open,  the  air 
will  flow  in  a  current  driven  before  the  piston  in  the  same  direction 
in  which  the  compression  is  propagated. 

If  we  imagine,  on  the  other  hand,  a  ]^iston  inserted  in  the  tube  at 
p<'«me  distance  from  its  month,  to 'be  drawn  outwards  toward  the 
mouth,  the  air  behind  it  will  expand  into  the  space  deserted  by  tbo 
pi^^ton,  and  a  momentary  rarefaction  will  be  produced.  The  next 
portion  of  air  will  in  like  manner  follow  that  which  is  next  the 
pi*^t(:n,  the  rarefaction  which  begins  at  tbo  piston  being  propagated 
liack wards  thmugh  the  tube  in  a  direction  contrary  to  the  motion  of 
the  piston  and  that  of  the  current  of  air  which  follows  it. 

What  is  here  supposed  to  take  place  in  the  tube  is  exhibited  on  a 
larger  scale  in  the  atmosphere.  Any  physical  cause  which  produces 
a  cTimpression  of  the  atmosphere  from  north  to  south  will  pro<luce  a 
north  wind ;  and  any  cause  which  produces  a  rarefaction  from  north 
to  south  will  produce  a  south  wind. 

2227.  Effect  of  fmhhn  comhntation  of  vapour,  —  Of  all  the 
cau.<«s  by  which  winds  are  produced,  the  most  frequent  is  the  sudden 
condensation  of  vapour  suspended  in  the  atmosphere.  In  general 
the  atmosphere  above  us  consists  of  a  mixture  of  air  properly  so 
callt-d,  and  water,  cither  in  the  state  of  vapour,  or  in  a  vcfjiculur 
state,  the  nature  and  origin  of  which  has  not  yet  been  clearly  ascer- 
tained. In  either  case  its  sudden  conversion  into  the  liqui<l  state, 
and  its  consequent  precipitation  to  the  earth,  leaves  the  space  it  occu- 
pied in  the  atmosphere  a  vacuum,  and  a  corresponding  rarefaction  of 
the  air  previously  mixed  with  the  vapour  ensues.  The  adjacent 
strata  immediately  rush  in  to  reestablish  the  e(|uilibrium  of  pneu- 
matic pressure,  and  windn  are  consequently  produced. 

The  propagation  of  winds  by  rarefaction  manifested  in  directions 
contrary  to  that  of  the  winds  themselves,  is  common  in  the  North 
of  £un>pe.  Wargentin  gives  various  examples  of  this.  When  a 
wi'St  wind  springs  up,  it  is  felt,  he  observes,  at  Moscow  before  it 
reaches  Abo,  although  the  latter  city  is  four  hundred  leagues  west 
cf  Moscow,  and  it  does  not  reach  Sweden  until  after  it  has  passed 
over  Finland. 

[Dr.  Franklin  appears  to  have  been  the  first  to  observe  this  nuKle 
of  jTopagation  of  winds  and  storms,  lie  relates,  in  his  letters,  ihut, 
having  wished  to  observe  an  eclipse  of  the  moon  at  Philadelphia,  he 
was  prevented  by  a  north<aiUerlif  storm^  which  commenced  about 
7  o'ciockj  p.  M.     He  was  surprised,  some  days  after,  to  learn  that  at 
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Boeton,  ntuated  abont  800  miles  to  the  nnrth-epift  of  Pbiladelphb, 
tbe  storm  did  not  commence  until  11  o'clock,  P.  M.,  long  after  ibe 
oBservation  of  the  first  phases  of  the  eclipse;  and,  comparing  toge- 
ther the  reports  collected  in  the  different  colonies,  he  foand  that  this 
north-easter!^  storm  was  propagated  for  the  9ovth-v€9(.'} 

2228.  Hurricanes.  —  The  intertropical  regions  are  the  theatre  of 
harricanes.  It  is  there  only  that  these  atmospheric  oommotiona  are 
displayed  in  all  their  terrors.  In  the  temperate  lone  tempeato  are 
not  only  more  rare  in  their  occurrence*  but  much  less  violent  in  their 
force.  In  the  circumpolar  zone  the  winds  seldom  acquire  the  feiee 
which  would  justify  the  title  of  a  storm. 

The  hurricanes  of  the  warm  climates  spread  over  a  considenbk 
width,  and  extend  through  a  still  more  consiiderable  length.  Some 
are  recorded  which  have  swept  over  a  distance  of  four  or  five  hun- 
dred leagues,  with  a  nearly  uniform  violence. 

It  is  only  by  recounting  the'  effects  produced  by  these  vast  com- 
motions of  the  atmospheric  ocean,  that  any  estimate  can  be  formed  of 
the  force  which  air,  attenuated  and  light  as  that  fluid  is^  may  acquire 
when  a  great  velocity  is  given  to  it.  In  hurricanes  such  as  that 
which  took  place  at  Guadaloupe  on  the  25th  July,  1825,  houaea  the 
most  solidly  constructed  were  overthrown.  A  new  building  erected 
in  the  most  durable  manner  by  the  government  wss  rased  to  the 
gn)und.  Tiles  carried  from  the  roof  were  projected  against  thick 
(ioors  with  such  force  as  to  pass  through  them  like  a  cannon  ball. 
A  plank  of  wood  3^  feet  long,  9  inches  wide,  and  an  inch  thkk, 
was  projected  with  such  force  as  to  cut  through  a  branch  of  pain 
wood  1 8  inches  in  diameter.  A  piece  of  wood  15  feet  long  Hid  8 
inches  square  in  its  cross  section,  was  projected  upon  a  hard  pnved 
road,  and  buried  to  a  depth  of  more  than  three  feet  in  it  A  llrans 
iron  gate  in  front  of  the  governor's  house  was  carried  awayi  and 
three  twenty-four  pounders  erected  on  the  fort  were  diamonnted. 

2229.  The  probable  causes  explained.  —  These  eficcta,  prod^;}oni 


as  they  are,  all  arise  from  mechanical  causes.  There  is  no  MlBt 
engaged  in  hurricanes  more  subtle  than  tbe  mechanical  forae  mvs 
in  motion,  and  since  the  weight  and  density  of  the  air  anflhr  no  ib- 
portant  change,  the  vast  momentum  manifested  by  snch  efiReoli  as 
those  described  above,  must  be  ascribed  altogether  to  the  extraordi- 
nary velocity  imparted  to  the  air  by  the  magnitude  of  the  local 
vacuum  produced,  as  already  stated,  by  the  sudden  condensation  of 
vapour.  To  form  some  approximate  estimate  of  this  it  may  be  stated 
that,  in  the  intertropical  regions,  a  fall  of  rahi  oflen  takes  place  over 
a  vast  extent  of  suiface,  sufficient  in  quantity  to  cover  it  with  a  stra- 
tum of  water  more  than  an  inch  in  depth.  If  such  a  fall  of  rain 
were  to  take  place  over  the  extent  of  a  hundred  square  leagues,  as 
sometimes  happens,  the  vapour  from  which  such  a  quantity  of  liquid 
would  be  produced  by  condensation  would^  at  the  temperatore  of 
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il;  50",  occnpj  ■  volDine  100,000  times  greater  than  tliat  of  the 
laid;  and,  oonscqncntlj,  in  the  atmosphere  over  tbe  sar&ce  of 
jO  B(]aare  leagues  it  would  fill  a  space  90O0  feet,  or  nearly  two 
ilea  in  lensth.  Tbe  extent  of  the  vacnum  produced  hj  its  conden- 
ition  would  be  a  volume  nearly  equal  to  200  cubic  milee,  or  to  tlio 
)lDine  of  a  colomn  yihoto  base  is  a  gqnare  mile  and  whose  height 
200  miles. 

2230.  Waler  ipouU  and  hnd  tpoutt. — These  phenomeDa,  called 
Iter  or  land  spoats  according  ae  they  are  maaifesled  at  sea  or  on 
isd,  coDUst  apparently  of  dense  masses  of  aqueous  vapour  and  air, 
iTiDg  at  cmce  a  gyiatorj  and  progressive  motion,  and  resembling  in 
wtB  ■  conical  cloud,  the  base  of  which  is  presented  upwards,  and 
w  Tertez  of  which  generally  rests  upon  the  grounil,  bat  soioetiinea 
Names  a  oontrair  position.  This  phenomenon  is  attended  with  a 
nnd  like  that  of  a  waggon  rolling  on  a  rough  pavement. 

Tiolent  mechanical  e^ts  sometimes  attend  these  meteors.  Large 
ves  lorn  up  by  the  roots,  stripped  of  their  leaves,  and  exbibitiog 
t  the  appearances  of  having  been  struck  by  ligbtuiog,  aro  pro- 
iCted  to  great  distances.  Houses  are  often  thrown  down,  unroofed, 
id  otherwise  injured  or  destroyed,  when  they  lie  in  the  courac  of 
i«M  meteors.  Kain,  hail,  and  frequently  globes  of  fire,  like  the 
til  lightoiog,  also  accompany  them. 

The  Tarions  appearances  ex- 
hibited by  water  spouts  ate  repre- 
sented in  fig.  669. 

No  satiafactory  theory  has  yet 
oonnected  these  pLcDomcDa  with  the 
general  laws  of  pbysics. 

2231.  EvaporatiM  from  thr  fu,-- 
face  of  valer.  —  If  tbe  surface  of 
a  sea,  lake,  or  other  largo  oollcctioo 
of  water,  were  exposed  to  the  atmo- 
sphere consisting  of  pure  air  without 
any  admixture  of  vapour,  evapora- 
tion would  immediately  commeoce, 
and  the  vapour  developed  at  the  sur- 
Fig;  M9.  face  of  the  water  would  ascend  into 

and  mix  with  the  atmosphere.  The 
resvnre  of  the  atmosphere  would  then  be  the  sum  of  the  pressures 
f  the  atmosphere,  properly  so  called,  and  of  the  vapour  suiipeudcd 
1  it,  since  neither  of  these  elastic  fluids  can  augment  or  diminish 
lepreaaare  of  the  other. 

Trie  Tapour  developed  from  the  surface  of  tbe  water  thus  dild- 
ling  with  the  atmosphere,  acquires  a  common  temperature  with  it. 
his  vapour,  therefore,  receiving  thus  from  the  air  with  which  it  is 
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intermixed  more  or  less  heat,  after  having  passed  into  the  TipciOM 
state,  is  tuperlieaied  vapour  (1496.)  It  has,  therefore,  a  greater 
temperature  than  that  which  corresponds  to  its  density,  or,  what  is 
the  same,  it  has  a  less  density  than  that  which  corre^xmda  to  its 
temperatare.  Such  vapour  may  therefore  lose  temperature  to  a  cer- 
tain extent  without  being  condensed. 

2232.  Air  may  be  saturated  with  vapour, — But  if  the  aame  at- 
mosphere continue  to  be  suspended  over,  the  sur&oe  of  water,  the 
process  of  evaporation  being  continued,  the  quantity  of  vapour 
which  rises  into  the  air  and  mingles  with  it  will  be  oontiaually  in- 
creased until  it  acquires  the  greatest  density  which  is  compatible  with 
its  temperature.  Evaporation  must  then  cease,  and  the  air  is  said 
to  be  mturated  with  vapour. 

If  the  temperature  of  the  air  in  such  case  rise,  evaporation  will 
recommence  and  will  continue  until  the  vapour  shall  acquire  tbe 
greatest  density  compatible  with  the  increased  temperature^  and  will 
then  cease,  the  air  being,  as  before.  Maturated. 

2233.  1/  the  temperature  of  saturated  air  faU^  condensation  iciR 
take  place, — But  if  the  temperature  fall,  the  greatest  density  of 
vapour  compatible  with  it  being  less  than  at  the  higher  temperature, 
a  part  of  the  vapour  must  be  condensed,  and  this  condensation  must 
continue  until  the  vapour  suspended  in  the  air  shall  be  reduced  to 
that  state  of  density  which  is  the  greatest  compatible  with  the  re- 
duced temperature. 

2234.  AtmospJiere  rarely  saturated.  —  A  fluid  so  light  and  mobile 
as  the  atmosphere,  can  never  remain  long  in  a  state  of  repose,  aiid 
the  column  of  air  suspended  over  the  surface  of  any  colleotioD  of 
water,  however  extensive,  is  subject  to  frequent  change.  In  general, 
therefore,  before  any  such  portion  of  the  atmosphere  become  satu- 
rated by  evaporation,  it  is  removed  and  replaced  by  another  portion. 
It  happens,  consequently,  that  the  atmosphere  rarely  becomes  satu- 
rated by  the  immediate  effect  of  evaporation. 

2235.  May  become  so  by  reduced  temperature  or  intermingling 
strata.  —  The  state  of  saturation  is,  however,  often  attained  either 
by  loss  of  temperature,  or  by  the  intermixture  of  strata  of  air  of 
different  temperatures  and  differently  charged  with  vapours.  Thus, 
if  air  which  is  below  the  point  of  saturation  suffer  a  loss  of  heat,  its 
temperature  may  fall  to  that  point  which  is  the  highest  compatible 
with  the  density  of  the  vapour  actually  suspended  in  it.  Tbe  air 
will  then  become  saturated,  not  only  by  receiving  any  increased 
quantity  of  vapour,  but  by  losing  that  caloric  by  which  the  vapour 
itp^^ntained  ?ra8  previously  superheated. 

If  two  strata  of  air  at  different  temperatures,  and  both  charged 
with  vapour  to  a  point  below  saturation,  be  intermingled,  they  will 
IdM  an  intermediate  temperature ;  that  which  had  the  higher  tempe- 
laftDis  ^  portion  of  its  heat  to  that  which  had  a  lower 
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teaperatura.  The  vapoiir  with  which  thej  wore  previously  charged 
rill  likewise  be  intermixed  and  reduced  to  the  common  temperature. 
Kow,  in  this  case  it  may  happen  that  the  common  temperature  to 
which  the  entire  mass  is  reduced,  after  intermixture,  shall  be  citbor 
squal  to  or  less  than  the  greatest  temperature  compatible  with  the 
density  of  the  vapour  in  the  mass  of  air  thus  mixed.  If  it  be  equal 
to  that  temperature,  the  mass  of  air  after  intermixture  will  be  satu- 
rated f  tboosh  the  strata  before  intermixture  were  both  below  satura- 
tioD  ;  and  if  less,  condensation  must  take  place  until  the  density  of 
the  Ttpoar  suspended  in  the  mixture  be  reduced  to  the  greatest  density 
eompatible  with  the  temperature. 

2236.  Air  and  vapour  xnUrminglf^  (hough  of  different  specific 
graviiieM, — It  might  be  supposed  that  air  and  vapour  being  mixed 
together  without  combining  chemically,  would  arrange  themselves  in 
strata,  the  lighter  floating  above  the  heavier  as  oil  floats  above  water. 
This  statical  law,  however,  which  prevails  in  liquids,  is  in  the  case 
of  elastic  fluids  subject  to  important  qualifications.  The  latter  class 
of  fluids  have  a  tendency  to  intermingle  and  diffuse  themselves 
through  and  among  each  other  in  opposition  to  their  specific  gravi- 
ties. Thus  if  a  stratum  of  hydrogen,  the  lightest  of  the  gases,  rest 
upoo  a  stratum  of  carbonic  acid,  which  is  the  heaviest,  they  will  by 
slow  degrees  intermingle,  a  part  of  the  hydrogen  descending  among 
the  carbonic  acid,  and  a  part  of  the  carbonic  acid  ascending  among 
the  hydrogen,  and  this  will  continue  until  the  mixture  becomes  per- 
fectly uniform,  every  part  of  it  containing  the  two  gases  in  the  pro- 
portion of  their  entire  quantities. 

The  same  law  prevails  in  the  case  of  vapours  mixed  with  gases ; 
and  thus  may  be  explained  the  fact,  that  although  the  aqueous  va- 
pour suspended  in  the  air,  and  having  the  same  temperature,  is 
always  lighter  bulk  for  bulk  than  the  air,  it  does  not  ascend  to  the 
upper  strata  of  the  atmosphere,  but  is  uniformly  difiused  through  it. 

2237.  The  prepare  of  air  retards,  but  does  not  diminish  evapo- 
ration,— It  may  be  stated  generally,  that  the  effect  of  a  column  of 
air  superposed  upon  the  surface  of  water  is  only  to  retard,  but  not 
either  to  prevent  or  diminish,  the  evaporation.  The  same  quantity 
of  Tspour  will  be  developed  as  would  be  produced  at  the  same  tern- 
peratare  if  no  air  were  superposed  on  the  water ;  but  while  in  the 
latter  case  the  entire  quantity  of  vapour  would  be  developed  instan- 
taneously, it  is  produoed  gradually,  and  completed  only  after  a  cer- 
tain interval  of  time  when  the  air  is  present.  The  quantity  of  va- 
pour developed,  and  its  density  and  pressure,  are  however  exactly 
the  same,  whether  the  space  through  which  it  is  diffused  be  a  vacuum, 
or  be  filled  by  air,  no  matter  what  the  density  of  the  air  may  be. 
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The  properties  of  the  air,  therefore,  neither  modif|f  nor  aiie  modified 
bj  those  of  the  vapour  which  is  diffused  through  it 

2238.  What  vapour  intermixes  with  air,  it  renders  it  mecificaUjf 
lighter.  —  Since,  at  the  same  temperature  and  pressure,  the  densi^ 
of  the  vapour  of  wat<\r  is  less  than  that  of  air  in  the  ratio  of  5  to  o, 
it  follows  that  when  air  becomes  charged  with  vapour  of  its  own 
temperature,  the  volume  will  be  augmented,  but  the  denaity  dimiii* 
ished.  If  a  certain  volume  of  air  weigh  8  grains,  an  equal  volome 
of  vapour  will  weigh  5  grains,  the  two  volumes  mixed  together  will 
weigh  13  grains,  and,  consequently,  an  equal  volume  of  ^e  mixture 
will  weigh  6^  grains.  In  this  case,  therefore,  the  density  of  the  air 
charged  with  vapour  is  less  than  the  density  of  dry  air  of  the  same 
temperature  in  the  ratio  of  6^  to  8. 


CHAP.  m. 

HYOROMETRT. 

2239.  Hygrometry,  —  This  is  the  name  given  to  that  branch  of 
meteorology  which  treats  of  the  methods  of  measuring  the  elastje 
force  and  the  quantity  of  aqueous  vapour  which  is  suspended  in  the 
atmosphere,  and  in  which  the  influence  of  various  natural  bodies  and 
physical  agents  upon  this  vapour  is  explained. 

If  the  atmosphere  were  always  charged  with  vapour  to  saturation, 
the  pressure  and  density  of  the  vapour  contained  in  it  would  be  im- 
mediately determined  by  its  temperature,  for  there  would  then  be 
the  greatest  pressure  and  density  compatible  with  the  temperature, 
and  the  pressure  and  density  would  be  eiven  by  the  tables  (1494). 

2240.  The  (leto  paint,  —  But  when  the  air,  as  generally  happens, 
is  not  saturated,  it  becomes  necessary  to  contrive  means  by  which 
the  temperature  to  which  it  must  be  reduced,  in  order  to  become 
saturated  by  the  quantity  of  vapour  actually  suspended  in  it,  can  be 
determined. 

Such  temperature  is  called  the  dew  point,  inasmuch  as  after  re- 
daction below  that  temperature,  more  or  less  condensation,  and  the 
eoDsequent  deposition  of  moisture  or  dew,  will  take  place. 

8241.  Method  of  determining  the  pressure  and  density  of  the 
su^^ended  in  the  air, — When  the  actual  temperature  of  the 
wl  ihs-  dew  point  are  known,  the  pressure  and  density  of  the 
suspended  in  the  air  may  be  found. 

r  azpresB  the  temperature  of  the  air,  t  the  dew  point,  p  the 
n  of  the  vapour  which  would  saturate  the  air  at  the  temper** 
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ton  Ty  p  the  premare  of  the  vapoar  which  wodd  satante  it  at  the 
temperature  f,  and,  in  fine,  let  p'  express  the  pressure  of  the  vapour 
aetually  sospeiided  io  the  air. 

This  pressure  p^  is  greater  than  the  pressure  p^  which  the  same 
rapour  having  the  same  density  has  at  the  temperature  (,  bj  that 
increase  of  pressure  which  is  due  to  the  increase  of  temperature  from 
<  to  T.  If  the  increase  of  pressure  due  to  one  degree  of  augmented 
temperature  he  expressed  by  n,  the  increase  due  to  (t  —  t)  degrees 
will  be  expressed  by  (t  —  i)X  n.    Hence,  we  shall  have 


^=pX{l-h(T—t)Xn\ 

So  that  when  p,  the  pressure  of  the  saturating  vapour  at  the  dew 
pointy  is  known,  p'^  the  actual  pressure,  can  be  found. 

But  any  means  by  which  the  temperature  t  at  the  dew  point  can 
be  determined,  will  necessarily  also  determine  the  pressure  p,  inas- 
much  as  this  pressure  is  thatwhich  corresponds  to  vapour  having  the 
greatest  density  compatible  with  the  temperature  fj  and  is  therefore 
given  by  the  tables  (1494).  This  being  found,  p^  may  be  computed 
by  the  preceding  formula. 

To  find  the  density  of  the  vapour  actually  suspended  in  the  air, 
or,  what  is  the  same,  the  weight  of  water  in  the  state  of  vapour  con- 
tained in  a  cubic  foot  of  air,  let  this  weight  be  expressed  by  V,  and 
let  w  express  the  weight  of  vapour  which  would  saturate  a  cubic 
foot  of  air  at  the  temperature  t. 

Since  the  pressure  is  proportional  to  the  density  when  the  tempe- 
rature is  the  samC;  we  shall  have 

p:p'::w:w'; 

Therefore, 

p'     w 

VrrsW  X— =-X/>  X    {1  +  (T t)X  nl 

By  this  formula,  therefore,  the  weight  w'  of  vapour  contained  in  a 
cubic  foot  of  air  can  be  found,  provided  the  weight  and  pressure  of 
the  vapour  which  would  saturate  it  at  the  same  temperature,  its  dew 
point,  and  the  pressure  of  the  vapour  which  would  saturate  it  at  that 
point,  are  severally  known. 

2242.  Table  of  prexsvrex  and  densities  nf  saturating  vapours. — 
The  following  table,  in  which  are  given  the  pressure  and  weight  of 
the  saturating  vapour  in  a  cubic  foot  of  air,  at  the  several  tempera- 
tures expressed  in  the  first  column,  will  supply  all  the  data  necessary 
for  such  calculations,  provided  only  that  means  be  obtained  for  deter- 
mining by  experiment  the  dew  point. 
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Table  showing  the  Pressure  and  Wdght  of  satnratiiig  TApoor  aontiJiMd  li 
ft  Cubic  Foot  of  Air  at  Tempemtores  Tarying  from  — 4^  Fkhr.  to  4.  104* 
Ffthr. 


ProMure: 

Weight  of  Vaponr 

PrwnM: 

Wflldn  ch  ▼nov 

T«apentare. 

Inches, 

in  a  Cubic  Foot 

T«mp«rKtnr«. 

InchM, 

teaCBbfelBel 

MtfTcuiy. 

of  Air. 

Meromy. 

of  Air. 

0 

Graini. 

0 

QnSa». 

—  4-0 

•06 

1 

662 

-64 

7 

60 

•08 

1 

680 

•68 

7 

140 

•10 

1 

69-8 

•72 

8 

280 

•16 

2 

716 

•76 

8 

820 

•20 

2 

78-4-' 

•81 

9 

83-8 

•22 

2 

75-2 

•86 

9 

85-6 

•28 

8 

770 

•91 

10 

87-4 

•24 

8 

78^8 

•96 

10 

89-2 

•26 

8 

80-6 

102 

11 

41-0 

•28 

8 

824 

108 

12 

42-8 

•80 

8 

84-2 

114 

12 

.     44-6 

•82 

4 

860 

1-21 

18      • 

4«-4 

•84 

4 

87-8 

128 

14 

48-2 

•86 

4 

890 

1-36 

14 

600 

•88 

4 

914 

1-48 

16 

61-8 

•40 

6 

98-2 

1-51 

16 

63-6 

•48 

6 

960 

1-69 

17 

66-4 

•46 

6 

96-8 

1-68 

18 

67-2 

•48 

6 

98-6 

1-77 

18 

690 

•51 

6 

100-4 

1-87 

19 

60-8 

•54 

6 

102-2 

1-97 

20 

62-6 

•58 

6 

104-0 

2-09 

21 

64-4 

•61 

7 

2243.  Example  of  such  a  calculation.  —  As  an  example  of  th^ 
application  of  the  preceding  formulse,  let  us  suppose  that  the  tem- 
perature of  the  air  is  77^,  and  that  the  dew  point  is  ascertUD^^  to 
be  54}°. 

By  the  preceding  table  then  we  obtain  the  following  data : 

T  =  77°,        p  =  0-91,        t  =  ^l       jp  =  044. 

But  it  appears  from  what  has  been  already  explained  (1495)| 
that  n  =  0002037  =  ^i^j. 
Hence  we  find 

p'  =  0-44  X  {1  +  22^5  X  0-002037}  =0-46. 

It  follows,  therefore,  that  the  actual  pressure  of  the  vapour  bos; 
pended  in  the  air  is  46  per  cent,  of  the  pressure  of  the  vapour  wliich 
would  saturate  it. 

We  have  also 

P==0^96,  w  =  10: 

And  therefore 

^  «=  505. 
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S244.  Method  of  amxrtaining  the  dew  point. — To  determine  the 
dev  iKiint,  let  a  thin  glass  or  decanter  be  filled  with  water,  and,  im- 
aeniDg  a  thermometer  in  it,  let  it  be  exposed  in  the  open  air.  Let 
ioe  eold  water  be  ponred  into  it  bj  small  quantities  and  inixeil  with 
ily  M  as  to  redac«  its  temperature  by  slow  degrees  below  that  of  the 
nrrooiidiDg  air.  A  temperature  will  at  length  be  attained  at  which 
a  dead  J  deposition  of  moisture  will  be  manifested' on  the  external 
nr&ee  of  the  glaaa.  The  temperature  at  which  this  effect  first  be- 
giM  to  be  manifested  is  the  dew  point. 

To  explain  this  it  must  be  considered  that  the  shell  of  air  in  im- 
■ediate  ooolact  with  the  glass  is  reduced  to  the  temperature  of  the 
^iH,  and  when  that  temperature  has  been  reduced  so  low  that  the 
npoor  suspended  in  the  air  saturates  it,  any  further  diminution  of 
tspcrafcare  is  attended  with  condensation,  which  is  in  e£fect  mani- 
fBled  hy  the  dew  which  then  immediately  begins  to  collect  upon  the 
M&ee  of  the  glass. 

2245.  Danieirt  JBifgromMer, — Hygrometers  have  been  constructed 

in  different  forms,  on  this  principle,  to  indicate 
the  dew  point.  That  of  Daniell  has  been  most 
generally  adopted.  This  instrument  consists 
of  a  glass  tube,  having  a  thin  bulb  blown  on 
each  end  of  it,  and  being  bent  into  the  rectan- 
gular form  represented  in  fig.  670.  The  bulb 
a  is  filled  to  two-thirds  of  its  capacity  with 
ether,  which  being  boiled  produces  vapour  which 
fills  the  tube  t  and  the  bulb  by  and  escapes 
through  a  small  opening  in  the  bottom  of  h. 
In  this  manner  the  air  is  expelled  from  the 
ether,  the  tube,  and  the  bulbs.  The  opening 
in  h  is  then  closed  with  the  blowpipe,  and  the 
heat  being  removed  fcom  the  bulb  a,  the  va- 
pour in  the  tube  and  bulb  h  is  condensed,  so 
that  the  space  within  the  instrument  above  the  surface  of  the  ether 
eoDtiins  only  the  vapour  of  ether,  which  corresponds  to  the  tempc- 
ntore  of  the  fluid  in  the  bulk  a.  A  thermometer  is  previously  in- 
Krted  in  the  tube  t,  the  bulb  of  which  is  plunged  in  the  ether,  and 
the  bulb  h  is  surrounded  by  a  linen  or  muslin  cloth,  which,  being 
ntunted  with  ether  by  means  of  a  small  phial  provided  with  a  fine 
netangobr  spout,  evaporation  takes  pbcc,  by  which  the  bulb  h  is 
cooled.  The  vapour  of  the  ether  which  fills  the  bulb  h  is  thus 
oondensed  in  it,  and  more  vapour  flows  in  to  fill  its  place  from  the 
tube  L  The  surface  of  the  ether  in  a  bcinc  thus  continually  released 
from  the  pressure  of  the  vapour  condensed,  further  evaporation  and 
a  eoDseqnent  depression  of  the  temperature  of  the  fluid  in  the  bulb 
a  ensoesi  and  this  coatinues  until  the  tcwpentare  of  the  bulb  a  la 


Fig.  670. 


Fig.  en. 
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ration.     Two  t 
fig.  671,]  exac 
are  moaDted  od 
juxtapoBitioD, 
CDTeloped  in  a  • 
Btantlj  wetted  ^ 
the  atmosphere 
no  evaporation 
be  not  saturatei 
place  from  the 
the  bulb,  and  a 
ture  will  be  ind 
ji  certain  relatic 
evaporation.     Tl 
fore,  enveloped 
fall  below  the  o 


tme  temperaturo  of  the  air,  and  the  difference 
mometers  thus  becomes  a  measare  of  the  rat 
the  cloth  y  and  thereby  of  the  dMreo  of  dry 
greater  the  quantity  of  vapour  with  which  i 
less  will  be  the  difference  of  the  temperatures 
thermometers. 

When  the  air  is  extremely  dry,  the  diffen 
thermometers  sometimes  amounts  to  from  14^ 

Professor  August  has  constructed  tables  by 
the  vanour  «ii«rw»n'''»^  :«.  *i-  - 
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and  being  nnied  roond  a  small  wheel  se  kept  extended 
by  suspending  to  its  extremitj  a  biuhII  weighty!  I(e- 
iog  bygromelrie,  it  kbsorbs  nioiRture  from  (lie  atnio- 
sphere,  bj  wbich  it  is  msde  la  expand  and  increase  its 
length.  This  eautea  the  wheel  round  which  it  is  coiled 
to  turn  tbrough  a  corresponding  space,  which  ia  shown 
bv  an  index  d  fixed  apon  the  oeotre  of  the  wheel,  which 
plajs  opon  B  giaduated  arch  ih. 

Aa  the  vapour  sufpended  in  the  air  inoRoscs  or  di- 
minishes, the  contiaction  of  the  hair  raries  ia  corre- 
sponding manner,  and  the  index  shnwa  the  chongea, 
indicating  extreme  drjneas  at  one  extremitj  of  the 
Kale,  and  extreme  hnmidit;  at  the  other. 

Tables  have  been  coDstmcted  bj  which  tbe  indica- 
tioos  of  this  inatrament  give  the  pressure  of  the  vapour 
■nspendcd  in  the  air. 

[2247*.  GaUToI  eontiJeratim  of  hy^rometen. — The  qnantit; 
rf  waterj  rapour  contained  in  the  atmosphere,  at  any  given  momeat, 
aaj  be  determined  either  by  what  is  called  Ihe  chrmicat  mcl/tod,  or 
by  mans  of  instrumenls  called  h^romften.  The  cboDieal  method 
eonnats  in  absorbiug,  by  means  of  substances  which  have  a  gruut 
atidity  for  water,  the  vapour  contained  in  a  certain  valunie  of  uir, 
and  in  determining  its  weight  by  the  balance.  The  air  is  drawn  by 
neUB  of  an  aspirator  through  tubes  filled  with  coarse  fragments  of 
pomic«-sb>ne,  moistened  with  sulphuric  acid.  Kipcriment  has  shown 
tkat  tabefl  of  this  kind  completely  retain  the  humidity  of  the  air. 
Hoice,  the  increase  of  weicht  iAho  tubes  represents  the  weight  of 
the  w^er  which  existed  in  a  volume  of  air  equal  to  the  capacity  of 
the  aspiratcr.  This  method  does  not  give  tbe  quantity  of  humidity 
which  exists  in  the  air  at  a  determinate  moment,  but  determines, 
lith  great  precisian,  the  mtan  quantity  which  the  air  contained 
dunog  the  experiment.  But  it  ia  an  experiment  of  the  laboratory, 
teqninng  time  and  bulky  apparatus  for  its  performance ;  and,  coose- 

JiKBtly,  does  not  admit  of  adoption  in  meteorological  observatories. 
t  ia,  however,  eminently  adapted  to  the  verification  of  the  other 
methods;  and  for  this  purpose,  was  coostanUy  made  use  of  by  Iteg- 
naolt  in  his  hygrometncal  researches,  some  of  the  results  of  which 
are^ven  below. 

Hygrometers,  or  instruments  which  serve  to  measure  the  clastic 
hree  m  the  watery  vapour  contained  in  the  air,  are  of  three  kinds, 
being  constructed  on  different  principles.  Some  act  by  condensution, 
olben  by  evaporation,  and  others  again  by  absorption.  The  first  arc 
ailed  rondi-Hiring  <x  deiB  point  hygrometers — the  second,  irtV-niK /- 
i/ry  bMlb  hygrometers  or  ju^fchromelert  —  and  the  third,  ah/irrjiiivn 
hygrometcn. 


13Ti"a::ili!»rT 

-   ■  i.k,  nf'T^trnt-f"^ — HT£Tr«ttetefB  of  this 

-  — -tr  »-x  "«^  "**=:. 's-  IT-  7»«riT-!^T  fXM«  icd  reliable; 

r    -— z  iT^a-^-^i  i»f»:j»*r  17  "ii*  7icri*nrare,  nor  by 

.  ::^.  I  —    rr  —  -3if  Tr-a.:ni  kru^:^  ::  ihe  air. 

^  'I  TV  .Jtt  v:^-  Tiif  ir«r  7:  Tr.oTK  :•*  ieiennination 

•  •  ::v  "  -^  "ir-v-sB-  nae::iipi  ir  ±244 ;  but  when 

.r-    •   iiT.^r    if  arv  asoft:  :e  rcTcnced  in  that 


":-.    'T  .->*   :    1.-  1. -!•  '^-£"-*i   's  2p*c  rmrDnl  irplicaiion  by 
i-^T    •  M^irr.-:  -:    t  I •.!!.-  !'?  - n':i'::sii^  !7rr:»r?f«r   ^4o  =  ;  which, 

r  -iiT -ij  :  -.    >■   i^-*  .  :•■  -  *■  :=  t  r7»i!.  ^LT•^f  :t  »  liable  to  the 

' ..  *"T*^    •■   *:    :>        '.     7":??   r^'.Tiz  '•'  '-*•   *'*-st  zz  the  bulb  ft 

'- :.   -X-.  •::-;•>  '  -x-   :.■   ::•--  «iH»k  t'  'z^i  >»:^i  vben  the  en|M^ 

'i-i.T:    .r-::"^    i.r:  a-  ! .  i:*:^  :r^  :ai  raifxir^rr?  :c  bf^:,  there  is  al-   ' 

T*.  -*   :    n-r:  -;    :::r  -^--a    t   vniT^nn:^  rerrap-  tie  npper  aod 

T  *-  ..     ^        ::-   .  .  1, ..      rl.-^t-«r  :»^-.i.-i?if  rbe  liL-trmomever  maj .  , 

-:  .     : ..  -.  L-    :  ■  iiv  Ti»:3a.  '.-oiTtrxrir'i  :c  li-e  liTers  in  which 

>  '^^  -     r    >     i:  r-  ^.  :     :.t-i  "n.s  H'inz.  rin^srasare  maj  differ 

...►•...■     -,3    ;».      .;   T-;.':-j   '-iii  irv:  SfT^'^T   :f  icw  depend!^ 

^  ■•      *     •  ■•  "J*"   "    ^•■■T  "^•■^   "!•*    i*r  '-•■Tir^  "■■*^"    •■■'•«*v*,:v   of  the 
rs*.  -    "  :■  -■  :>    :."■  '■iTs.'i^     U'l  ti-S  '•f*>:SSLrJT  ir.f  u-:aoc5  the  hv- 

•^  -  -  >  :  ^  :  T.  :.'  -.*  j.- :  -r^  TtrLT  j;  mi  :r  ;he  thermometer 
:.: ;  ?.  «:?%»-  :  i:-  :.^  ;•::•>:'  c  xt  :  Fie  erai^>ruit>n  of  a 
^-  :  .  "ji.: :  "■  r  :..-  -:J:^  t.::-*-  c  :::«*  ":c.:  :  ;=  1  space  extremely 
2u-i-  :  .!.i  :  T :  '  :  :-  .rT'TRi  :c  hs'w  -t*:c  lie  bulb  <i  is  deter- 
T»  :  :•:     !.:■;  r  -.:^    c  ",-:i:»<ji.-t.'rf  :F-.:<od  rj  :j:i«  in  the  neigfa- 

:■  i.-  :^  sn-u  •!  :>c  i-.-i^  -t  i  ~:-^  f«iQs:Je  ^la^.p?  in  the  bygro- 
Ht  r-i:  «iuv    ."C  -Z'i  Lr  Xz'i  jisr>,  :^-f   :ri:airT  commercial 

i.i:r  .- ■:  a.  r^i  -ai  r:»::  l?  .i;-;-r:i-.*  :;*  wf-j^i:  rf  iraTor ;  aod  this 
▼•L"^-  :*i  :^  rj  —  :^.  :  r^n:  ri-*:  :t  :^i  T:ir*.cr  c*i  ether  into  a 
!=7>i«  -f-^  ;.. X  '.  :m-    :  ▼:..:r  ::;  if !».•»«::  ;f  iew  is  determined, 

r.:«.i-:  *  :  ~-".  ::c-  *  '  .  t:?:!  <  :>>»  :r:m  mcvt  of  the 
rr-r-.rr  :.■.:■. r.*^  .-;...>..>ii  •:"  a  ."•'ri'.i.l  *>:x  <,  dlied  with  finely 
?-'^--'-  ^-"^  *'i  stl".  :»:■  ▼:  :-  2*  ::^ri.'i  a  icerallic  bar  6,  haring 
-.'-.•^  -•?•=*  *^irri.-*f  i  £r.xv-  c^--:a:-:r^  r:-:n:urT.  into  which  dips  a 
a*.:.::i^r  Tirf m: rafter r  :  f-:>rcr-.:i-i  :>:■=:  a  *urp>rs  ci*:  the  thermo- 
ZLt'nz  :»r.:.r  =i:ri.-.e  i!  r ,:  :i:  p-.-.T.-.  T-v  whole  nssts  upon  i 
**!i"^"  siiiii  ^.  1.1:  :■  ,f  -iif  vcnical  <:.:t*  c{  the  bar  b  presents  i 
inrf»c.i  of  i.-*iei  *::.,-:  ,:-;  .u^.  vrrixnrurv  oi  tbU  bar,  which 
ij  *i>viit  z-r^  L-.r  ::5  ii>^::i  :;  ::;:o  the  i-x.  cri:iua:iv  rises  towards 
th^  oiUr  en 3.     TUre  w:!:  l^  ^  .i.j.  .::  of  ,:.W  on  :hiV  p^iisbod  sur- 

s!^l  ^  'i    •  ''^  1"'\^';*  I^'"'-     '^^•■*  ''^^^^'r-atur^^  is  easiWas- 
^i  f'jr  placing  the  bulb  of  the  tLcnnomcter  opposite  that  Uoe; 
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and  hence  this  instrument  allows  of  the  dew  point  being  read  off  at 
anj  moment  by  the  observer. 

But  of  all  condensing  hym^aeieny  that  of  Regnault,  fifjft.  674 
and  675,  is  the  most  peifeQtT ^t  consists  of  a  thimble,  a  be  {fig. 
674),  made  of  silver^  ^ei^thm;  and  perfectly  polished,  }  inch  in 
depth,  and  /(jths  of  an  inch  in  diameter,  which  is  fitted  tightly  upon 
a  glass  tube  c  r/,  open  at  both  ends.  The  tube  has  a  small  lateral 
tabalore  i.  The  npper  opening  of  the  tube  is  closed  by  a  cork, 
which  is  traversed  by  the  stem  of  a  very  sensible  thermometer  occu- 
pying its  axis ;  the  bulb  of  the  thermometer  is  in  the  centre  of  the 
silver  thimble.  A  very  thin  glass  tube,  //;,  open  at  both  ends, 
traver^  the  same  cork,  and  descends  to  the  bottom  of  the  thimble. 
Ether  is  poured  into  the  tube  as  high  as  m  n,  and  the  tubulurc  t  is 
placed  in  commanieadon  by  means  of  a  leaden  tube  (f,  with  an  as- 
pirator jar,  six  or  ei^ht  pints  in  capacity,  filled  with  water.  The 
aspirator  jar  is  placed  near  the  observer,  while  the  hygrometer  is 
kc^  as  far  from  his  person  as  is  desirable.  On  allowing  water  to 
mo  firom  the  aspirator  jar,  air  enters  by  the  tube  gf^  passing  bubble 
by  babble  through  the  ether,  which  it  cools  by  carrying  away  va- 
pour: the  refrigeration  is  the  more  rapid  the  more  freely  the  water 
»  allowed  to  flow ;  and  the  whole  mass  of  ether  presents  a  sensibly 
imifonii  temperature,  as  it  is  bjiskly  agitated  by  the  passage  of  the 
bubbhfl  of  air.     The  temperature  is  sufficiently  bwered  m  less  than 


ft  ntDttte  to  d 
abnodut  deposit  of  dev. 
The  thermometer  la  dwa 
obserred  th  rough  a  little 
telcaoope.  Snppow  tlutit 
ia  rewl  off  at  50°  :  thii 
tampentnra  if  endently 
Bomewlimt  lower  thmn  wlat 
coneapooda  ezuUr  to  tka 
air's  hamkli^.  Bj  da^ 
hig  the  atopooek  of  <i 
espintor,  tbe  pMnw' 
air  ia  atopped,  thai 
dieappean  in  a  f-^ 
ooDOs,  and  tba  t 
mator  sgaiD 
poae  tfaftt  it  ■ 
thii  degree  ia  above  tha 
dew  point  The  atopeodk 
of  the  aapirator  ia  Om 
opened  veij  abghtly,  n 
as  to  detonaine  the  pa*- 
Bftge  of  a  '4ei7  ■mall 
atream  of  air-bjibblea 
through  the  ether.  If 
*  tite  th^tinonieter  on- 
**  ^^  *',dnn«,  Dotwithataadiaft 
^l^fo.  riiie,  the  -  atopt,ook  n 
Vpefled  farther,  and  Iha 
I  thermometer  bnog^ 
down  to  Sl'-S  :  by  iIidI- 
tin^  the  atopooek  aU^tlr, 
Fig.  tU.  Tig.  STi.  it  i«  ewy  to  atop  the  &Jl- 

ing  ronge,  and  make  tba 
tiiermooctcr  remain  stotionorj  at  Sl^'S,  bb  long  aa  is  desired.  If 
no  dew  fumiB  after  the  lapse  of  a  few  seconds,  it  is  evident  that  61''-8 
is  higher  than  the  dew  point.  It  is  bronght  down  to  Sl^-d,  and 
maintained  there  by  rcgiiluting  the  flow.  The  metallie  BUr&oa  bong 
now  observed  to  become  dim  after  a  few  seconds,  it  is  conolttded  tbat 
51°-S  is  too  tow,  while  51°-8  i^  too  high.  A  still  greater  appmt 
mation  roaj  be  made,  by  now  finding  whether  51°'?  is  above  or  bfr 
low  the  point  of  cniidensntion.  These  operatinoa  maj  be  execnttd 
in  a  very  Aiort  time,  after  a  little  practice ;  three  or  four  minnlea 
being  found  sufficient,  by  M.  Kcgnault,  to  determine  the  dew  paint 
to  within  about  ^th  of  a.  degree,  Fahr.  A  more  considenble  && 
tt  temperatare  maj  be  obtained  by  meaaa  of  this  than  tka  oii^nil 
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in^tmmcnt  of  Daniell,  with  the  consumption  of  a  much  less  quantity 
(»f  tiher;  indeed,  that  liquid  may  be  dispensed  with  entirely,  and 
alcohol  substituted  for  it.  The  tbermomcter  if^  to  observe  the  tem- 
perature of  the  air  daring  the  czperimonty  is  placed  in  a  second 
timilar  glaM  tube  and  thimble  a!  Uj  also  under  the  influence  of  the 
aipirmtoTy  but  oontaiuing  no  ether. 

It  is  evident  from  this  description  that  Begnault's  hygrometer 
obviates  all  of  the  t>bjeotions  to  which  that  of  Danicll  is  open.  The 
thermometer  indicates  exactly  the  same  temperature  as  the  ether, 
and  all  the  layers  of  this  liquid  present  a  uniform  temperature,  from 
tbe  continual  agitation  produced  by  the  passage  of  the  bubbles  of 
the  metallic  side  on  which  the  dew  is  deposited  has  also  the 
temperature  as  the  ether,  because  it  is  very  thin,  and  is  in 
ate  contact  with  this  liquid.  The  manipulation  does  not 
the  observer  to  be  close  by ;  he  may,  on  the  contrary,  be  at 
distance  of  several  yards,  and  obser\'e  the  instrument  with  a 
teleiioope.  No  vapour  is  -found  near  the  point  at  which  the  hygro- 
metrio  state  is  determined ;  and  much  lower  temperatures  may  be 
obtained  than  with  DanielFs  hygrometer.  Thus,  during  the  greatest 
summer  heat,  Regnault  succeeded  in  lowering  the  thermometer  of 
the  oondviser  several  degrees  below  32^,  and  covering  the  metallic 
side  with^  thick  layer  of  hoar  frost. 

2d.  The  p*ychrom€ter  of  August,  which  is  more  generally 
known  in  this  country  as  the  tcet-and-dry  bufh  hj/fjrronieter,  is  per- 
haps the  most  extensively  employed  of  all  hygrometrical  instru- 
ments. This  has  resulted,  probably,  from  the  fact,  that  it  does  not 
easily  get  out  of  order,  and  from  its  demanding  no  practical  skill  on 
the  part  of  tho  observer. 

The  two  following  were  the  formulae  constructed  by  Professor 
August  for  the  determination  of  the  elastic  force  of  the  watery 
vapour  contained  in  the  air. 

-       _c  — 0-558  it  —  f)b 

512  =:?       ' 
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X  being  the  tension  required  of  the  vapour  in  the  atmosphere  in 
the  Paris  lines;  e  the  tcnsiou  in  Paris  lines  which  corresponds  with 
the  temperature  of  the  moist  thermometer;  t  the  temperature  of  the 
dry,  and  /  that  of  the  itaoist  thermometer,  in  degrees  of  Keaumur's 
Male ;  and  lastly,  b  the  altitude  of  the  barometer  in  Paris  lines. 
Formula  I.  serves  for  temperatures  above  32^,  and  II.  when  the 
damp  thermometer  is  covered  with  ice,  i'.  c,  for  temperatures  under 
32«. 
fiegnault  has  shown  (Annales  de  Chimie  et  de  Fhyiique,  Tome 

6* 
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objects  foand  there  are  not  m  streog  rediaton  ai  the  lUiage  and 

flowers  of  vegetables. 

2249.  Hwir  fnM. — When  the  cold  which  follows  the  condensa- 
tioQ  of  vapour  falls  below  32^,  what  would  otherwise  be  DEW  be- 
comes HOAR  FROST.  For  the  same  reason  that  dew  is  deposited 
when  the  temperature  of  the  air  is  above  the  point  of  sataratiOB, 
hoar  frost  may  be  manifested  when  the  temperature  of  the  air  is 
many  degrees  above  the  point  of  congelation ;  for  in  this  oase,  as  ia 
that  of  dcwy  the  objects  on  which  the  hoar  frost  collects  lose  so  mvah 
heit  by  their  strong  radiationi  that  while  the  atmosphere  may  be 
above  40°  they  will  fall  below  32°.  In  such  cases,  a  dew  is  fink 
deposited  upon  them  which  soon  congeals,  and  forms  the  needles  and 
crystab  with  which  every  observer  is  familiar.  ^ 

The  hoar  frost  is  sparingly  or  not  at  all  formed  upon  the  naked 
earth,  or  on  stones  or  wood,  while  it  is  profusely  collected  on  leaves 
and  flowers.     The  latter  are  strong,  the  former  feeble  radiators. 

Glass  is  a  good  radiator.  The  panes  of  a  window  fall  during  the 
night  to  a  temperature  below  32°,  although  the  air  of  the  room  be 
at  a  much  higher  temperature.  Condensation  and  a  profose 
deposition  of  moisture  takes  place  on  their  inner  sur&oes,  which 
soon  congeals  and  exhibits  the  crystallized  coating  so*  often  wit- 
nessed. 

The  frosts  of  spring  and  autumn,  which  so  frequently  are  at- 
tended with  injury  to  the  crops  of  the  farmer  and  gardener,  proceed 
generally  not  from  the  congelation  of  moisture  deposited  from  the 
atmosphere,  but  from  the  congelation  of  their  own  proper  moisture 
by  the  radiation  of  their  temperature  caused  by  the  nocturnal  ruii- 
ation,  which  in  other  cases  produces  dew  or  hoar  frost.  The  young 
buds  of  leaves  and  flowers  in  spring,  and  the  grain  and  fruit  io 
autumn,  being  reduced  by  radiation  below  32°,  while  the  atmosphere 
is  many  degrees  above  that  temperature,  the  water  which  forms  part 
of  their  composition  is  frozen,  and  blight  ensues. 

These  principles,  which  serve  to  explain  the  cause  of  the  evil,  also 
suggest  its  remedy.  It  is  only  necessary  to  shelter  the  object  from 
exposure  to  the  unclouded  sky,  which  may  be  done  by  matting, 
gauze,  and  various  other  expedients. 

2250.  Fabrication  of  ice  in  hot  climates.  —  In  tropical  climates 
the  principle  of  nocturnal  radiation  has  supplied  the  means  of  the 
artilitiial  production  of  ice.  This  process,  which  is  conducted  on  a 
considerable  scale  in  Bengal,  where  some  establishments  for  the  pm^ 
pose  employ  several  hundred  men,  consists  in  placing  water  is 
shallow  pans  of  unglazcd  pottery  in  a  situation  which  is  exposed  to 
the  clear  sky  and  sheltered  from  currents  of  air.  Evaporation  is 
promoted  by  the  porous  quality  of  the  pans  which  become  soaked 
with  water,  and  radiation  takes  place  at  the  same  time  both  from  the 
water  and  the  pans.     Both  these  causes  combine  in  lowering  the 
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(enperatiire  of  the  wmter  in  tho  pans,  which  ooDgeals  when  it  falls 
lelow  32^. 

21251.  Fog*  and  clouds.  —  When  the  steam  issuing  from  the  sar- 
fixe  of  warm  water  ascends  into  air  which  is  at  a  lower  temperature, 
it  is  eondensed,  bat  the  particles  of  water  formed  by  such  condensa- 
tkm  are  so  minute,  that  thej  float  in  the  air  as  would  the  minute 
particleB  of  an  extremely  fine  dust.     These  particles  lose  their  trans- 

«  m  -1       •       •»  J»i  11/? 


oolj  when  it  loses  the  character  and  qualities  of  true  vapour, 
that  it  acquires  the  cloudy  and  semi-opake  appearance  just  men- 
tiooed. 

Fogs  are  nothing  more  than  such  condensed  vapour  produced  from 
the  sur&ce  of  seas,  lakes,  or  rivers,  when  the  water  has  a  higher 
temperature  than  the  stratum  of  air  which  rests  upon  it.  These  fogs 
are  more  thick  and  frequent  when  the  air,  besides  having  a  lower 
temperature  than  the  water,  is  already  saturated  with  vapour,  because 
in  that  ease  all  the  vapour  developed  must  bo  immediately  condensed, 
whereas,  if  the  air  be  not  saturated,  it  will  absorb  more  or  less  of  the 
vapour  which  rises  from  the  water. 

FFogs  are  quite  frequently  observed  in  circumstances  which  seem, 
at  first  sight,  very  dificrent  from  the  foregoing.  For  example,  at  the 
time  of  a  thaw,  when  the  temperature  of  the  air  is  sensibly  higher 
than  that  of  the  water,  very  dense  fogs  still  form  on  rivers,  even 
when  they  are  covered  with  ice :  but  appearances  only  are  changed, 
the  principle  is  the  same.  In  fact,  in  this  case,  the  warm  air  is  satu- 
rated with  humidity,  and,  when  it  comes  to  be  mixed  with  the  air 
which  has  been  cooled  by  contact  with  the  ice  or  other  cold  bodies, 
its  vapour  is  condensed.] 

Clouds  are  nothing  but  fogs  suspended  in  the  more  elevated  strata 
of  the  atmosphere.  Clouds  are  most  frequently  produced  by  the 
intermixture  of  two  strata  of  air,  having  different  temperatures  and 
difierently  charged  with  vapour,  the  mixture  being  supersaturated, 
and  therefore  being  attended  with  partial  condensation  as  already 
explained  (2235). 

[It  is  geuerally  admitted  that  the  vapours  which  constitute  clouds 
are  vesicular  vapours;  that  is  to  say,  aggregations  of  little  globules 
filled  with  moist  air,  altogether  analogous  to  soap-bubbles.  These 
globules  are  very  easily  distinguished  by  the  naked  eye  in  fogs  which 
rise  on  warm  water,  and  particularly  on  the  surface  of  a  black  solu- 
tion, as  coffee.  Their  density  is  essentially  greater  than  that  of  the 
air,  on  account  of  the  liquid  pellicle  which  forms  their  envelope ;  and 
it  is  somewhat  difficult  to  exphun  how  they  can,  notwithstanding  this 
of  densityi  remain  suspended  in  the  air.     Gay-Lussac  was  of 
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opinion  tbat  the  cnrronts  of  warm  air  wbich  rise  inoessantlj  from  the 
earth  during  the  day,  have  a  great  inflaence  in  determining  the 
ascension  and  maintaining  the  suspension  of  clouds.  Fresncr  sup- 
posed that  the  solar  heat,  being  absorbed  by  the  cloudfl,  forms  out 
of  them  a  species  of  air-balloons  which  rise  to  heights  proportional 
to  the  excess  of  temperature.  These  two  causes  are  without  doubt 
very  efficacious ;  but  we  are  as  yet  in  possession  of  too  few  data  on  the 
true  constitution  of  clouds  and  on  the  properties  of  the  Tapoun  or 
different  elements  which  compose  thenii  to  attempt  a  complete  expk* 
nation  of  the  phenomenon.  We  are  still  less  able  to  preaBat  any 
thing  but  conjectures,  more  or  less  hazardous,  on  the  oauaea  whieh 
determine  the  form  of  clouds,  their  extent,  their  elevadon,  their 
colour,  and  all  their  various  appearances,  whose  study  is  the  dbjeol 
of  the  meteorologist.] 

• 

2252.  Rain,  — When  condensation  of  vapour  takes  place  in  the 
upper  strata  of  the  atmosphere,  a  fog  or  mist  is  first  produced,  aft» 
which  the  aqueous  particles  coalescing  form  themselves  in  virtue  of 
the  attraction  of  cohesion  into  spherules,  and  fall  by  their  gravity  to 
the  earth,  producing  the  phenomenon  of  rain. 

-2253.  Rain  gaxuje. — An  instrument  by  which  the  quantity  of 
rain  which  falls  upon  an  area  of  given  magnitude,  at  a  given  place, 
within  a  given  time,  is  called  a  Kain  gauge  or  Udometer.  [The 
terms  Pluvi meter  and  Ombrometer  are  employed  by  some  ob- 
servers to  deuote  the  same  instrument.] 

These  instruments,  which  vary  in  form,  in  magnitude,  and  in  the 
provisions  by  which  the  quantity  falling  is  measured  and  registereid, 
consist,  in  general,  of  a  cylindrical  reservoir  of  known  diameter,  the 
bottom  of  wbich  being  funnel-shaped,  terminates  in  a  discharge-pipe, 
through  which  the  contents  pass  into  a  close  vessel.  The  quantity 
received  from  time  to  time  by  this  vessel  is  measured  and  indicated 
by  a  great  variety  6f  expedients. 

2254.  Quant ih/  of  rain  falUiuj  in  various  places. — ^The  quantity 
of  rain  which  falls  in  a  given  time  at  a  given  place,  is  expressed  by 
stating  the  depth  which  it  would  have  if  it  were  received  upon  a 
plane  and  level  surface,  into  which  no  part  of  it  would  penetrate. 

At  Paris,  the  average  annual  quantity  of  rain  which  falls,  obtained 
from  observations  continued  for  thirty  years  at  the  Observatory,  is 
23*6  inches.  There  is,  however,  considerable  variation  in  the  quan- 
tities from  which  this  average  is  deduced ;  the  smallest  quantity 
observed  being  16*9  inches,  and  the  greatest  27*9  inches. 

The  greatest  annual  fall  of  rain  is  that  observed  at  ^faranhan, 
lat.  2^^  S.,  which  is  stated  by  Humboldt  to  amount  to  277  incbe& 
more  than  double  the  annual  quantity  hitherto  observed  elsewhere. 
The  following  are  the  annual  quantities  at  the  under-named  places :— ' 
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9l  DoBingo 120 

Cayenne 116 

Idud  Gnnadm 112 

Havana 91 

Cakalto 76  to  118 

Boabaj...^ 83  to    96 

Slaniniqne.. 

Swrm  Leone 

BCitin  •••••••••  ■•■••••■•  •••••• 


if« 

SbMtrichfc 

Xtncillei 

Padoa 

PeCenbvrg.. .. .. 

Boac , 


StocUMitan. 
Tieana 

Alaii  rSfi  years) 


87 

86 

20-9 

190 

41-8 

89*5 

861 

18*4 

86-6 

18-2 

81-2 

22-4 

18-7 

17-0 

890 


Alpen  (to  years) 86-0 


In, 

Bordeaux  (7  years) 3.3-5 

Chalons  (48  years) 23-5 

Dijon  (34  years) 27-6 

Dieppe  (8  years) 3*2-5 

MeU  (22  years) i>(rO 

Nantes  (7  years).... 04 -5 

Orange  (80  years) 20-5 

Jerwas  (6  years) 500 

Roaen  (8  years) 38*5 

8t  Lo  (8  years) 31 -5 

Toulouse  (8  years) 2.')0 

Basin  of  the  Rhone  (4  years)  35-0 

Kendal 63-94 

Dumfries 30-92 

Manchester 301 4 

Liverpool 34  12 

Lancaster 30;7 1 

Glasgow  : 21  33 

London  (Dalton) 2000 

»•       (Howard) 24-00 

York 25  70 

Edinburgh 2500 


Among  the  ezceptioDal  pluvial  phcDomcDa,  the  fullowing  may  be 
mentioned : — 

At  Bombay,  six  inches  of  rain  fell  in  a  single  day. 

At  Cayenne,  ten  inches  fell  in  ten  hours. 

At  Genoa,  on  the  '25th  of  Oct.  1822,  thirty  inches  of  rain  fell  on 
the  occarrcnec  of  a  water  spout.  This  is  the  greatest  fall  of  min  on 
record. 

2255.  Snow, — The  physical  conditions  which  determine  the  pro- 
dnetioo  of  snow  are  not  ascertained.  It  is  not  known  whether  the 
laket  as  they  fall  are  immediately  produced  by  the  congelation  of 
eoodensed  vapour  in  the  cloud  whence  they  first  proceed,  or  whether, 
beiDg  at  firftt  minute  particles  of  frozen  vapour,  they  coalesce  with 
other  frozen  particles  in  falling  through  the  successive  strata  of  tlio 
sir,  and  thus  finally  attain  the  magnitude  which  they  have  on  reach- 
iog  the  ground. 

The  odIj  exact  obaerrations  which  have  been  made  on  snow  refer 
to  the  forms  of  the  crystals  composing  it,  which  Captain  Scorcsby 
hu  observed  with  very  great  accuracy  in  his  Polar  Voyages,  and  of 
vhich  he  has  given  drawings.  The  flakes  appear  to  consist  of  fine 
aeedles,  grouped  with  singular  symmetry.  A  few  of  the  most 
remarkable  forms  are  represented  in///.  675. 

[The  frd  snow  which  is  met  with  in  polar  regions  and  wherever 
the  snows  are  permanent,  owes  its  colour  to  a  small  fungus  or  mush- 
room, which  has  the  property  of  vegetating  in  snow.] 

2256.  Mrt'l — The  phjrsical  cMusos  wbicb  produce  this  fonnidaVAo 
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scourge  of  the  agrieDltniiBt  are  aoeertun.  Ujpodesw  kiTe  ben 
•dvanced  to  explain  it  which  are  more  or  leai  planaiMs,  but  whiek 
do  not  fdifil  the  con^itioiia  that  would  entitle  tiiem  to  the  plaea  rf 


Fig.  BT6. 

pbjBJcal  cansee.  Votla  proposed  a  theoij,  which  has  obtuned  Kom 
oelebrity,  and  which  ia  characterized  bj  the  iogcnuit;  that  marked 
every  phjaical  inveBtigation  of  that  great  philoBophor.  Two  rtnta 
of  clouds,  each  cbai^d  vith  vapour,  and  with  opposite  electricities 
are  sappoaed  to  bo  carried  by  difTcTcnt  atinospbcric  currents  at  differ- 
ent elevationa  to  aucb  a  position,  that  one  is  vertically  kbore  the 
other,  and  scpsrated  from  it  by  a  stratum  of  the  atmosphere  of  a 
cert&in  thiclcDcss.  Assuming  that  condeosation  sod  congelalioM  an 
produced  in  the  sopcrior  cloud,  and  that  hailstones  of  small  magni- 
tude result  directly  from  the  congelation  of  pertioles  of  water,  the** 
fall  in  a  shower  upon  the  inferior  cloud,  where  their  elecbrioi^  is 
first  neutralised  by  an  equal  charge  of  the  contrvry  floid,  and  th^ 
are  then  charged  with  that  fluid,  when  they  arc  repelled  npwkids, 
and  rise  agnin  to  the  snperior.clond,  where  like  effects  ensue,  and 
they  hll  again  to  the  inferior  clond,  and  so  oontinne  to  rise  and  fall 
between  the  two  clouds  upon  the  same  principle  as  the  pith-balls 
more  in  the  experiment  described  in  (1794).  The  gradoal  ineretae 
of  magnitude  of  the  hailstones  during  this  reverberation  betweea  the 
two  clouds  is  thus  explained  by  Volta;  —  When  they  Ml  from  the 
superior  upon  the  inferior  cloud  they  penetrate  it  to  a  certain  depth, 
and  because  of  their  low  temperature,  the  vapour  condenses  and  con- 
geals upon  their  snr&ce,  thus  increaaiog  their  volume.  The  same 
flfibot  is  produced  when  they  rise  ngaia  to  the  euperior  aloud,  and  is 


Igtit  dT  tbc  stoDu*  becomes  £0  great  tliat  it  resJ^U  the 
'uu,  4nii  they  iLua  fall  to  tbc  cacth. 
__^^^  -xfiliuueiJ  Iiow  two  clouis  Blight  thus  be  charged  wilh 
WDtnij  SedriciuM,  lij  iho  effect  of  solar  he»t  ia  proijaciiig  cvapora- 
lu.n.  uQij  Itf  the  ounroptioD  tbat  TUKirisatioo  develops  poi^itive  aad 
^.Il'l>  sntiod  Dr^ttTfl  cloctrintj.  Tbb  explaDaCion  la  in  admits  ibk-, 
(DUMiiuch  as  il  u  DOW  catab1i»bcil  that  eTapomdua  and  condeusaliou 
trv  -jaly  tUendud  nith  tixc  development  of  elcotricitjr  wbca  tlicy 
rausv  deaonpoHtioa.  Uoirc v«r,  as  it  ia  well  oiccrtaiiied  that  cloutla 
w  fruqooiU^  eharj^  «itb  opposite  electricibea,  tliia  part  of  tUo 
lijfo'lhran  M  VoIIk  might  be  rsceiv^d  without  oljectioD  aa  a  possi- 
'^ty.  Bat  efftii  adfliiuing  this,  the  hypothesis  cannot  be  rc^udi^ 
m  more  tbsn  an  iogcnioiH  cno^ccturc. 


I  hftve  Litlierlo   tnuiscended  all  the  efforts  of  pbyeicista  to 
huolva  Aem. 

\Vi!  reqoira  to  know,  lat,  how  the  cold  which  coogetda  the  water, 
i^  pr<due«d  :  >lid  Sd,  bow  s  liwUtone  which  has  scijiured  t^ufficicnt 
aizc  to  &!!  by  ltd  own  weight,  remain:!  BUspeQ(le4  in  the  air  until  it 
ac.|uire8  a  circuHiferecee  of  12  or  15  inches. 

Tlio  thtory  of  Volta  just  given  aaswcrs  only  the  seeoml  of  these 
II :  it  baa  been  attempted  to  answer  the  fint  bj  aajing  that 
~  ■    '    whidi  a 


L  bjr  wiiid.     There  are  winds  whidi  are  aiwaja 
k  fftiae  or  leM  depressioD  of  tempuaturo  i  such 
n  pwpagrtad  bj  nra&o^on  (2226).    Observatjon 
baa  ahmn  titatt  (b^y  may  prodtw^  at  tbo  rar&ce  of  the  earth,  a 
&II  of  lUrtj  diMwai ;  and  Ibera  is  no  donht  that,  in  the  higher 
-.rf'   T^     .         .. .         jj    "^jg 


npoBtcf  tba  stBoqtbera,  tbey  mqy 
teainltyiti  o«ght  tbgn  to  paj  atteo 
tTirH*it  wbetber  tbe  winda  which  fa 


a  atill  greater  cold. 
atteotioD  to  this  p(UDt,  in  order  t 
biiog  hailatorma  aie  o 


■  propujtted  bj  lanlkotion.  If  the  oold  haa  not  this  origin, 
lb*  wbola  di&Miltj  remains,  nod  otfm  means  moat  be  sooght  for  its 
tiftr**""  Tbe  theoty  wbieh  Volla  propoMd  in  answer  to  the  second 
qamioB  ii  IkUe  to  aome  grave  objee&iDS :  and  it  is  perhapa  more 
eoneei  to  ioppooe  that,  the  oold  being  prodaoed  by  tke  wind,  it  ia 
aJavIha  power  of  tbe  wind  which  oamea  the  hulstoDea  horiiontally 
or  at  IsBit  Taiy  obliqaaly  in  the  atmoapbere;  that  thev  thus  travureo 
IAmb  or  twan^  leegae^  and  that  they  have  no  need  of  being  sua- 
paodad  tat  a  ncy  kng  tiiH,  in  tha  midst  of  reiy  dense  and  cold 
dooda,  to  atlun  tba  anonnona  ■»  which  they  eomelimeB  have.] 

i^7.  Tie  jiAeNonuaa  aUenduig  AaiM^mu.— In_  the  absence  of 
any  aatii&etoty  azplanation  of  Ota  phenomenon,  it  is  important  to 
Mwalain  with  pmuioa  and  wrtainty  the  citoumslanoeB  wluuh  attend 
i^  and  Ibe  eoodi&iaa  under  whiob  it  ia  piodnoed. 

It  M^  thai,  ift  tha  fint  ptaoei  be  oonadand  aa  oartain  that  the 
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formation  of  hail  is  an  effect  of  sadden  electrical  changea  in  cloodt 
charged  with  vapour ;  for  [hail  ordinarily  precedes  tfaanderstorms, 
sometimes  accompai^ing  them,  but  hardly  ever  following  thenii 
especially  if  the  storms  are  of  any  duration.] 

Ikforo  the  fall  of  hail,  during  an  interval  more  or  less,  bnt  some- 
times of  several  minutes'  duration,  a  rattling  noise  is  generally  hesrd 
in  the  air,  which  has  been  compared  to  that  produced  by  ahakiog 
violently  bags  of  nuts. 

Hail  falls  much  more  frequently  by  day  than  by  night.  Hiil 
clouds  have  generally  great  extent  and  thickness,  as  is  indicated  by 
the  obscuration  they  produce.  They  are  observed  alao  to  have  i 
peculiar  colour,  a  grey  having  sometimes  a  reddish  tint.  Their  fbrai 
is  also  peculiar,  their  inferior  surfaces  baving  enormous  protu- 
berances, and  their  edges  being  indented  and  ragged. 

These  clouds  are  often  at  very  low  elevations.  Obeerreia  on 
mountains  very  frequently  see  a  hail  cloud  below  them. 

It  appears,  from  an  examination  of  the  structure  of  haOstones, 
that  at  their  centre  there  is  generally  an  opaque  nucleus,  resembUnf 
the  spongy  snow  that  forms  sleet.  Round  this  is  formed  a  coDgealea 
mass,  which  is  scfhi-tranHparent.  Sometimes  this  mass  consists  of 
a  succession  of  layers  or  strata.  These  layers  are  sometimes  all 
transparent,  but  in  different  degrees.  Sometimes  they  are  aliei^ 
nately  opaque  and  semi-transparent. 

[Pouillet  found  that  the  temperature  of  hailstones  yaried  from 
31^  to  25°  Fahr.] 

2258.  Extraordinary^  examples  of  hailstones,  —  Extraordinaiy 
reports  of  the  magnitude  of  hailstones,  which  have  fallen  doiiDg 
storms  so  memorable  as  to  find  a  place  in  general  history,  have  come 
down  from  periods  of  antiquity  more  or  less  remote.  Accoiding  to 
the  Chronicles,  a  hailstorm  occurred  in  the  reign  of  Charlemagne, 
in  which  hailstones  fell  which  measured  fifteen  feet  in  length  by  six 
feet  in  breadth,  and  eleven  feet  in  thickness ;  and  under  the  reign  of 
Tippoo  Saib,  hailstones  equal  in  magnitude  to  elephants  arc  said  to 
have  fallen.  Setting  aside  these  and  like  recitals,  as  partaking  rather 
of  the  character  of  fable  than  of  history,  we  shall  find  sufficient  to 
create  astonishment  in  well  authenticated  observations  on  this 
subject.  • 

In  a  hailstorm  which  took  place  in  Flintshire  on  the  9th  April, 
1697,  Ilalley  saw  hailstones  which  weighed  five  ounces. 

On  the  4th  May,  1G97,  Robert  Taylor  saw  fall  hailstonei  mea- 
suring fourteen  inches  in  circumference. 

In  the  storm  which  ravaccd  Como  on  20th  Augu8t|  1787|  Volts 
saw  hailstones  which  weighed  nine  ounces. 

On  22d  May,  1822,  Dr.  Noggerath  saw  fall  at  Bonn  hiulitoD€i 
which  weighed  from  twelve  to  thirteen  ounces. 

It  appears,  therefore,  certain  that  in  different  countries  haxlatormi 
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hrrt  oocarred  in  which  BtODea  weighing  from  half  to  three  quarters 
of  ft  pound  have  fallen. 

?:*258^.  DitoMtrous  hailttorm  in  France  and  Holland,  in  1788. 
o  give  some  idea  of  how  far  this  tenihle  scourge  may  extend, 
tnd  with  whal  velodtj  it  may  be  propagated,  some  details  will  here 
he  reported  of  the  famous  storm  which  traversed  France  and  Hol- 
land on  the  18th  of  July,  1788.  This  storm  was,  without  doubt, 
the  most  disastrous  and  frightful^  as  well  as  the  best  observed,  on 
record. 

The  storm  was  propagated  simultaneously  in  two  bands,  nearly 
parallel,  and  extending  from  the  southwest  to  the  northeast.  The 
eastern  band  was  the  narrowest,  having  the  average  breadth  of  two 
leagues  and  a  quarter :  that  of  the  western  was  four  leagues.  They 
were  separated  by  a  band,  of  about  five  leagues  in  average  breadth, 
which  received  only  an  abundant  rain.  To  the  east  of  the  eastern 
band,  and  to  the  west  of  the  western  band,  there  was  also  much  rain, 
but  over  an  extent  not  well  determined.  Each  band  had  a  total 
length  of  more  than  200  leagues.  All  points  in  this  immense  ex- 
tent were  not  struck  at  once ;  but  it  was  found,  on  comparing  the 
times,  that  the  storm  advanced  at  the  rate  of  about  50  miles  per 
hour  from  the  Pyrenees,  where  it  seemed  to  have  originated,  to  the 
Baltic  Sea,  where  all  trace  of  it  was  lost  At  each  point,  the  hail 
fell  only  for  about  seven  or  eight  minutes. 

The  number  of  parishes  laid  waste  in  France  was  1039 ;  the  total 
lobs  was  found  on  official  inquiry  to  be  24,690,000  francs. 

This  phenomenon  presents  the  most  prodigious  example  both  of 
the  forces  which  act  in  collecting  watery  vapour  and  maintaining  it 
sospended  in  the  air,  and  of  those  which  produce,  amid  the  heats  of 
Hininier,  a  sudden  depression  of  temperature  in  widely-extended 
aunospheric  regions.] 


CHAP.  IV. 

•         ATMOSPHERIC   ELECTRICITY. 

2259.  The  air  generaUif  charged  with  positive  electricili/,  —  The 
terrestrial  globe  which  we  inhabit  is  invested  with  an  ocean  of  air  the 
depth  of  which  is  about  the  200th  part  of  its  diameter.  It  may 
therefore  be  conceived  by  imagining  a  coating  of  air,  the  tenth  of  un 
inch  thick,  investing  a  twenty-inch  globe.  This  aerial  ocean,  rela- 
tively shallow  as  it  is,  at  the  bottom  of  which  the  tribes  of  organized 
nature  have  their  dwelling,  is  nevertheless  the  theatre  of  stupendous 
electrical  phenomena. 
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It  nnij  be  stated  as  a  ^general  fact,  that  the  atmosphere  which  thna 
covers  the  globe  is  charged  with  positive  eleotricitj,  which,  acting  by 
indactioD  on  the  superficial  stratum  of  the  globe  on  which  it  rests, 
decomposes  the  natural  electricity,  attracting  the  negative  flaid  to 
the  surface  and  repelling  the  positive  fluid  to  the  inferior  strata. 
The  globe  and  its  atmosphere  may  therefore  be  not  inaptly  compared 
to  a  licyden  phial,  the  outer  coating  of  whicb  being  ptaood  in  ooii- 
nezion  with  the  prime  conductor  of  a  machine,  is  charged  with 
positive  electricity,  and  the  inner  coating  being  in  conuexion  with 
the  ground,  is  charged  by  induction  with  negative  eleotrioitj.  The 
outer  coating  represents  Uie  atmosphere,  and  the  inner  the  supev&ial 
stratum  of  the  globe. 

2260.  This  9ta1e  zubject  to  variations  gnd  exceptions. — This 
normal  state  of  the  general  atmospheric  ocean  is  subject  to  wiatioDS 
and  exceptions ;  variations  of  intensity  and  exceptions  in  quality  or 
name.  The  variations  are  periodical  and  accidental.  The  excep- 
tions local ;  patches  of  the  general  atmosphere  in  which  doada  float 
being  occasionally  charged  with  negative  electricity. 

2261.  Diurnat  variation*  of  electrical  intensity, — ^The  intensity 
of  the  electricity  with  which  the  atmosphere  is  charged  varies,  in  the 
course  of  twenty-four  hours,  alternately  increasing  and  decreasing. 
It  begins  to  decrease  at  a  few  miuutcs  after  sunrise,  and  continues  to 
decrease  until  two  or  three  o'clock  in  the  afternoon,  when  it  attains 
a  miDitnum.  It  then  increases  and  continues  to  increase  until  some 
minutes  after  sunset,  when  it  attains  a  maximum.  After  that  it 
again  decreases,  attaining  a  minimum  at  a  certain  time  in  the  nieht, 
which  varies  in  different  places  and  dificrent  seasons,  after  which  it 
again  increases  and  attains  a  maximum  at  a  few  minutes  sfter  suo- 
rise. 

In  general,  in  winter,  the  electricity  of  the  air  is  more  intense 
than  in  summer. 

22(52.  Observations  of  Quetelet. — These  were  the  general  results 
of  the  extensive  series  of  observations  on  atmospheric  electricity 
made  by  Saussure.  More  recently  they  have  been  confirmed  by  the 
ol)3ervations  of  M.  Quetelet,  which  have  been  continued  without 
interruption  daily  at  the  Observatory  of  Brussels  for  the  last  ten 
years.  M.  Quetelet  found  that  the  first  maximum  was  manifested 
about  8  A.  M.,  and  the  second  about  9  p.m.  The  minimum  in  the 
day  was  at  3  p.m.  He  found  also  that  the  moan  inten^ty  was 
greatest  in  January  and  least  in  June. 

Such  are  the  normal  changes  which  the  electrical  condition  of  the 
air  undergoes  when  the  atmosphere  is  clear  and  unclouded.  When, 
however,  the  firmament  is  covered  with  clouds,  the  electricity  is  sub- 
ject during  the  day  to  frequent  and  irregular  changes  not  only  in 
intensity  but  in  name ;  the  electricity  being  often  negative^  owing  to 
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the  pressure  of  clouds  over  the  place  of  obsenratioDy  charged  some 
with  positive  and  some  with  Degative  electricity. 

2203.  Irregular  and.  local  variations  and  excaation$.  —  The  in- 
tensity of  the  electricity  of  the  air  is  also  affected  by  the  season  of 
the  year,  and  by  the  prevalent  character  and  direction  of  the  winds  ; 
it  varies  also  with  the  elevation  of  the  strata,  being  iu  general 
neater  io  the  higher  than  in  the  lower  regions  of  the  atmosphere. 
The  intensity  ia  generally  greater  in  winter,  and  especially  in  frosty 
weather,  than  in  iommcr,  and  when  the  air  is  calm  than  when 
winds  prevail. 

Atmospheric  depotits,  snch  as  rain,  hail,  snow,  &c.,  are  sometimes 
potitivo  and  sometimes  negative,  varying  with  the  direction  of  the 
wind.    North  winds  give  positive,  and  south  winds  negative  deposits. 

2264.  Methods  of  observing  atmospheric  electricity.  —  The  elec- 
tricity of  the  atmosplftre  is  observed  by  erecting  in  it,  to  any  desired 
elevation,  pointed  metallic  conductors,  from  the  lower  extremities  of 
which  wires  are  carried  to  electroscopes  of  various  forms,  according 
to  the  intensity  of  the  electricity  to  be  observed.  All  the  usual 
effects  of  artificial  electricity  may  be  reproduced  by  such  means ; 
sparks  may  be  taken,  light  bodies  attracted  and  repelled^  electrical 
bells,  such  as  those  described  in  (1792),  affected ;  and,  in  fine,  all 
the  usual  effects  of  the  fluid  produced.  So  immediate  is  the  increase 
of  electrical  tension  in  rising  through  the  strata  of  the  air,  that  a 
gold-leaf  electroscope  properly  adapted  to  the  purpose,  and  reduced 
to  its  natural  state,  when  placed  horizontally  on  the  ground,  will 
show  a  sensible  divergence  when  raised  to  the  level  of  the  eyes. 

2265.  Methods  of  ascertaining  the  electrical  condition  of  the 
higher  strata, — To  ascertain  the  electrical  condition  of  strata  too 
elevated  to  be  reached  by  a  fix^  conductor,  the  extremity  of  a  flex- 
ible wire,  to  which  a  metallic  point  is  attached,  is  connected  with  a 
heavy  ball,  which  is  projected  into  the  air  by  a  gun  or  pistol,  or  to 
an  arrow  projected  by  a  bow.  The  projectile,  when  it  attains  the 
limit  of  its  flight,  detaches  the  wire  from  the  electroscope,  which 
then  indicates  the  electrical  state  of  the  air  at  the  highest  point 
attained  by  the  projectile. 

The  expedient  of  a  kite,  used  with  so  much  success  by  Franklin, 
Romas,  and  others,  to  draw  electricity  from  the  clouds,  may  also  bo 
adopted  with  "advantage,  more  especially  in  cases  where  the  atmo- 
spheric strata  to  be  examined  are  at  a  considerable  elevation. 

2266.  Remarkable  experiments  of  Romany  1757.  —  The  vast 
quantities  of  electricity  with  which  the  clouds  are  sometimes  charged 
were  rendered  manifest  in  a  striking  manner  by  the  well-kndwn 
experiments  made  by  means  of  kites  by  Romas  in  1757.  The  kite, 
carrying  a  metallic  point,  was  elevated  to  the  strata  in  which  the 
electric  cloud  floated.  A  wire  was  connected  with  the  cord,  and  car- 
ried from  the  pointed  conductor  borne  by  the  kite  to  a  part  of  the 
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cord  at.  some  distance  from  tlie  lower  extremity,  where  it  was  tnraed 
aside  and  brought  into  connexion  with  an  electroscopei  or  other 
experimental  means  of  testing  the  quantity  and  quality  of  the  elec- 
tricity with  which  it  was  charged.  Komas  drew  from  the  extremity 
of  this  conducting  wire  not  only  strong  electric  sparks^^but  bladef 
of  fire  nine  or  ten  feet  in  length  and  an  inch  in  thickness,  the  dis 
charge  of  which  was  attended  with  a  report  as  loud  as  that  of  a  pistoL 
In  less  time  than  an  hour^  not  less  than  thirty  flashes  of  this  macni- 
tude  and  intensity  were  often  drawn  from  the  coudnctor,  besides 
many  of  six  or  seven  feet  and  of  less  length. 

2267.  Electrical  charge  ofclouth  varies.  —  It  has  been  shown  bf 
means  of  kites  thus  applied,  that  the  clouds  are  charged  some  with 
positive  and  some  with  negative  electricity,  while  some  are  obserred 
to  be  in  their  natural  state.  These  circumsUyices  serve  to  exphun 
some  phenomena  observed  in  the  motions  of  the  clouds  which  are 
manifested  in  stormy  weather.  Clouds  which  are  similarly  electrified 
repel,  and  those  which  are  oppositely  electrified  attract  each  other. 
Hence  arise  motions  among  such  clouds  of  the  most  opposite  and 
complicated  kind.  While  they  are  thus  reciprocally  attracted  and 
repelled  in  virtue  of  the  electricity  with  which  they  are  charged,  they 
arc  also  transported  in  various  directions  by  the  currents  which  pre- 
vail in  the  atmospheric  strata  in  which  they  float,  these  currents 
often  having  themselves  different  directions. 

22G8.  Thunder  and  liyhlning.  —  Such  appearances  are  the  sun 
prognostics  of  a  thunderstorm.  Clouds  charged  with  contrary  elec- 
tricities aflcct  each  other  b}'  induction,  and  mutually  attract,  whether 
they  float  in  the  same  stratum  or  in  strata  at  differunt  elevations. 
When  they  come  within  stri/cinf/  dii^tanrej  that  is  to  say,  such  a  dis- 
tance that  the  force  of  the  fluids  with  wliich  they  arc  chai^ged  sui^ 
passes  the  resistance  of  the  intervening  air,  the  contrary  fluids  rush 
to  each  other,  and  an  electrical  discharge  takes  place,  upon  the  same 
principle  as  the  same  phenomenon  on  a  smaller  scale  is  produced 
when  the  charges  of  the  internal  and  external  coatings  of  a  Lcyden 
jar,  overcoming  the  resistance  of  the  uncoated  part,  rush  together 
and  a  spontaneous  discharge  is  mnde. 

The  sound  and  the  flash,  the  thunder  and  the  lightning,  are  only 
the  reproduction  on  a  more  vast  scale  of  the  explosion  and  spark  of 
the  jar. 

The  clouds,  however,  unlike  the  metallic  coatings  of  the  jar,  are 
very  imperfect  conductors,  and  consequently,  when  discharged  at  one 
part  of  their  vast  extent,  they  preserve  elsewhere  their  electricity  in 
its  original  intensity.  Thus,  the  first  discharge,  instead  of  establish- 
ing equilibrium,  rather  disturbs  it;  for  the  part  of  the  cloud  which  is 
Mtill  charged  is  alone  attracted  by  the  part  of  the  other  cloud  in  which 
the  fluid  has  not  yet  been  neutralized.  Hence  arise  various  and 
complicated  motions  and  variatidhs  of  form  of  the  clouds,  and  a  sue- 
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«Mi"n  of  discbarges  between  tbe  same  clouds  must  take  place  before 
the  elt^rtrical  eqailibrium  is  established.  This  is  necessarily  attended 
by  a  ci>iTC:$ponding  succession  of  flashes  of  lightning  and  claps  of 
thunder. 

22(i9.  Form  and  extent  o/tlie  flash  of  lightning* — The  form  of 
tlie  flasb  in  tbe  case  of  lightning,  like  that  of  the  spark  tiken  from 
an  electrified  conductor,  is  zigng.  Tbe  doublings  or  acute  anr;lcs 
f «nDed  at  the  successive  points  when  the  flash  changes  its  direction 
TIT}'  in  number  and  proximity.  The  cause  of  this  zigzag  conrso, 
whether  of  tbe  electric  spark  or  of  lightning,  has  not  been  explained 
b  any  clear  or  satisfactory  manner. 

The  lengtb  of  tbe  flashes  of  lightning  also  varies ;  in  some  casc» 
they  have  been  ascertained  to  extend  to  from  two  and  a  balf  to  three 
miles.  It  is  probable,  if  not  certain,  tbat  tbe  line  of  light  exhibite<l 
Ij  flashes  of  forked  lightning  arc  not  in  reality  one  continued  lino 
nmaltaneonsly  luminous,  but  that  on  the  contrary  the  light  is 
developed  successively  as  the  electricity  proceeds  in  its  course ;  tbe 
ippearance  of  a  continuous  line  of  light  being  an  optical  effect  ana- 
logous to  tbe  continuous  line  of  light  exhibited  when  a  lighted  stiek 
if  moved  rapidly  in  a  cin-Io,  the  same  explanation  being  applieuM*^ 
to  the  case  of  lightning  (1143). 

2270.  Ctiiis^ji  n/the  rfylling  of  thunder. — As  the  sound  of  tluindor 
i^  produced  by  the  passage  of  the  electric  fluid  througb  the  air  which 
i:  suddenly  compresses,  it  is  evolved  progressively  along  the  entiro 
spice  along  wbich  the  lightning  moves.  But  sinee  sound  moves 
only  at  tbe  rate  of  1100  feet  per  second,  while  the  transmission  of 
li;;bt  is  so  rapid  tbat  in  this  case  it  may  be  considered  as  practically 
instantaneous,  tbe  sound  will  not  reach  the  ear  for  an  interval  greater 
fiT  lt'»s  after  the  perception  of  the  light,  just  as  the  flash  of  a  gun  is 
seen  before  tbe  report  is  heard  (831). 

By  noting  the  interval,  therefore,  whicb  elapses  between  the  per- 
ception of  the  flash  and  that  of  the  sound,  the  distance  of  the  point 
where  tbe  di.«charge  takes  place  can  be  computed  approximately  by 
ull>')wing  1100  feet  fur  every  second  in  the  interval. 

But  since  a  separate  sound  is  produced  at  every  point  through 
which  tbe  flasb  passes,  and  as  these  poiuts  are  at  distances  from  the 
observer  wbich  vary  according  to  the  position,  length,  direction,  and 
form  of  the  flasb,  it  will  follow  necessarily  that  the  sounds  pv(xluccd 
by  the  same  flash,  though  pnietically  simultaneous,  because  of  the 
great  velicity  with  which  the  electricity  moves,  arrive  at  the  car  in 
Cf-raparatively  plow  succession.  Thus,  if  the  flasb  be  transmittc*!  in 
tbe  exact  direction  in  which  the  observer  is  placed,  and  its  length  be 
ll,f»00  feet,  the  distances  of  the  points  where  the  first  and  last 
sounds  are  produced  will  differ  by  ten  times  the  space  through  which 
sound  moves  in  odc  second.     The  Ent  sound  will,  therefore,  be  lictvii 
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ten  Mconds  before  the  last,  and  the  interniediate  ioands  will  be  beard 
during  the  interval. 

The  varying  loudness  of  the  successive  sounds  heard  in  tba  rolling 
of  thunder  proceeds  in  part  from  the  same  causes  as  the  Taiying 
intensity  of  the  light  of  the  flash.  But  it  may,  perhaps,  be  moro 
satisfactorily  explained  by  the  combination  of  the  saooessi^e  dis- 
charges of  the  same  cloud  rapidly  sucoeedinff  each  other,  and  eon- 
bining  their  effects  with  those  arising  from  the  yarjing  distances  of 
difierent  parts  of  the  same  flash. 

2271.  Affected  hy  the  zigzag  form  of  UgKtning,— 'It  ^ppean  to  us 
that  the  varying  intensity  of  the  rolling  of  thunder  may  also  be  very 
clearly  and  satisfactorily  explained  by  the  ligiag  form  oi  the  flash, 
combined  with  the  effect  of  the  varying  distance ;  and  it  aeema  eztn- 
ordinary  that  an  explanation  so  obvious  has  iiot  been  BOgnslad. 
Let  A,  Bf  0,  D,  fig.  676.,  be  a  part  of  a  ngiag  flash  leeiiDj  an 
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observer-  at  o.  Taking  o  as  a  centre,  suppose  arcs  0  e  and  B  &  of 
circles  to  be  drawn,  with  o  c  and  o  B  as  radii.  It  is  clear  that  the 
points  c  and  r,  and  B  and  6,  being  respectively  equally  distant  from 
the  observer,  the  sounds  produced  there  will  be  h^urd  simnltane- 
ously,  and,  supposing  them  equal,  will  produce  the  perception  of  i 
sound  twice  as  loud  as  cither  heard  alone  would  do.  All  the  points 
on  the  zigzag  c  B  c  Z»  are  so  placed  that  three  of^them  are  equi- 
distant from  o.  Thus,  if  with  o  as  centre,  and  O  m  as  radras, 
a  circular  arc  be  described,  it  will  intersect  the  path  of  the  light- 
ning at  the  three  points  m,  m\  and  m\  and  these  three  points 
being,  therefore,  at  the  same  distance  from  o,  the  sounds  produced 
at  them  will  reach  the  observer  at  the  same  moment,  and  if  they  be 
equally  intense  will  produce  on  the  ear  the  same  effect  as  a  single 
sound  three  times  as  loud.  The  same  will  be  true  for  all  the  points 
of  the  zigzag  between  r  and  b.  Thus,  in  this  case,  supposing  the 
intensity  of  the  lightning  to  be  uniform  from  A  to  D,  there  will  be 
three  degrees  of  loudness  in  the  sound  produced,  the  least  between 
A  and  c  and  between  h  and  D,  the  greatest  between  c  and  h  along 
the  zigz:)g,  and  the  intermediate  at  the  points  c  c  and  B  6. 
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ident^  that  from  the  infinite  varietj  of  form  and  position 
CD  to  the  ohflerver,  of  which  the  course  of  the  lightning 
ble,  the  Yariations  of  intensity  of  the  rolling  of  thunder 

be  explained  in  this  way  have  no  limit 
\fiected  hjf  the  varying  distance  of  different  parts  of  the 
inoe  the  loudness  of  a  sound  diminishes  as  the  square  of 
se  of  the  observer  is  incressed  (844),  it  is  clear  that  this 
other  means  of  explaining  the  varying  loudness  of  the 
thunder. 

iffected  h}f  echo  andhy  interference,  —As  the  rolling  of 
1  much  more  varied  and  of  longer  continuance  in  moun- 
gions  than  in  open  plane  oountriesy  it  is,  no  doubt,  also 
Y  reverberation  from  every  surface  which  it  encounters 
ible  of  reflecting  sound.  A  part  therefore  of  the  roUing^ 
I  such  cases  the  effect  of  echo. 

•een  also  conjectured  that  the  acoustic  effi^sts  are  modified 
cts  of  interference  (836). 

Tnductive  action  of  clouds  on  the  earth. — A  cloud  cli^U'ged 
ricity,  whatever  be  the  quality  of  the  fluid  or  the  state  of 
phere  around  it,  exercises  by  induction  an  action  on  all 
^n  the  earth's  surfnce  immediately  under  it.  It  has  a 
.o  decompose  their  natural  electricity,  repelling  the  fluid 
le  uaine,  and  attracting  to  the  highest  points  the  fluid  of 

name.  The  effects  thus  actually  produced  upon  objects 
»  such  induction  will  depend  on  the  intensity  and  quality 
ctricity  with  which  the  cloud  is  charged,  its  distance,  the 
lity  of  the  materials  of  which  the  bodies  affected  consist; 
oitude,  position,  and,  above  all,  their  form, 
being  a  much  better  conductor  than  earth  in  any  state  of 
o,  thunder  clouds  act  with  greater  energy  on  the  sea,  lak&t, 

large  collections  of  water.  The  flash  has  a  tendency  to 
^n  the  cloud  and  the  water,  just  as  the  spark  passes  be- 
)  conductor  of  an  electric  machine  and  the  hand  presented 

the  water  were  covered  with  a  thin  sheet  of  glass,  the 

would  still  puKS,  breaking  through  the  glass;  because, 
the  glass  be  a  non-conductor,  it  does  not  intercept  the  con- 
ation of  the  cloud,  any  more  than  a  thin  glove  of  varnished 
e  hand  would  intercept  the  spark  from  the  conductor. 
Formation  offid^junUs  ejcpfalned, — ^This  explains  the  fact 
Ding  sometimes  penetrates  strata  of  the  solid  ground  under 
bterranean  reservoirs  of  water  are  found.     The  water  of 
rvoirs  is  affected  by  the  inductive  action  of  an  electrified 
i  in  its  turn  reacts  upon  the  cloud  as  one  coating  of  a 
ar  reacts  upon  the  other.     When  this  mutual  action  is  suf- 
itrong  to  overctywe  the  resistance  of  the  subjacent  atmo- 
d  the  strata  of  soil  under  which  the  subterranean  teacx- 
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Toir  licB,  a  diBcharge  takes  place,  and  the  lightning  penetratei  Ae 
strata,  fusing  the  materials  of  which  it  is  composed,  and  leaving  a 
tabular  hole  with  a  hard  vitrefied  coating. 

Tabes  thus  formed  have  been  called  /ulffvrttes,  or  thunder  ivbiL 

2276.  AccidenU  of  the  mrface  wKiek  aUract  Ughtning,  —  The 
properties  of  points,  edges,  and  other  projecting  parts,  of  OMidaelon, 
which  have  been  already  stated  (1776),  will  render  easily  intelligible 
the  influence  of  mountains,  peaked  hills,  projecting  rocks,  trees, 
lofty  edifices,  and  other  objects,  natural  and  artificial, -which  project 
upwards  from  the  general  surface  of  the  ground.  Lightning  never 
strikes  the  bottom  of  deep  and  close  valleys.  In  Switaerland,  oo 
the  slopes  of  the  Alps  and  Pyrenees,  and  in  other  mountainous  coun- 
tries, multitudes  of  cultivated  valleys  are  found,  the  inhabitants  of 
which  know  by  secular  tradition  that  they  have  nothing  to  fear  firoai 
thunderstorms.  If,  however,  the  width  of  the  valleys  were  so  great 
as  twenty  or  thirty  times  their  depth,  clouds  would  occasionally 
descend  upon  them  in  masses  sufficiently  considerable,  and  lightning 
would  strike. 

^litary  hills,  or  elevated  buildings  rising  in  the  centre  of  an  ex- 
tensive plain,  are  peculiarly  exposed  to  lightning,  since  there  are  no 
other  projecting  objects  near  them  to  divert  its  course. 

Trees,  especially  if  they  stand  singly  apart  from  others,  are  likely 
to  be  struck.  Being  from  their  nature  more  or  less  impregnated 
with  sap,  which  is  a  conductor  of  electricity,  they  attract  the  fluid, 
and  are  struck. 

The  effects  of  such  objects  are,  however,  sometimes  modified  by 
the  agency  of  unseen  causes  below  the  surface.  The  condition  of 
the  soil,  subsoil,  and  even  the  inferior  strata,  the  depth  of  the  roots 
and  their  dimensions,  also  exercise  considerable  influence  on  the 
phenomena,  so  that  in  the  places  where  there  is  the  greatest  appa- 
rent safety  there  is  often  the  greatest  danger.  It  is,  nevertheless,  a 
good  general  maxim  not  to  tuke  a  position  in  a  thunderstorm  either 
under  a  tree  or  close  to  an  elevated  building,  but  to  keep  as  much 
as  possible  in  the  open  plain. 

2277.  Lightning  followi  conductors  by  preference.  —  It$  effects  om 
buildings.  —  Lightning  falling  upon  buildings  chooses  by  preference 
the  points  which  are  the  best  conductors.  It  sometimes  strikes  and 
destroys  objects  which  are  non-conductors,  but  this  happens  generally 
when  such  bodies  lie  in  its  direct  course  towards  conductors.  Thus 
lightning  has  been  found  to  penetrate  a  wall,  attracted  by  a  mass  of 
metal  placed  within  it. 

Metallic  roofs,  beams,  braces,  and  other  parts  in  buildings,  are 
liable  thus  to  attract  lightning.  The  heated  and  rarefied  air  in 
chimneys  acquires  conductibility.  Hence  it  happens  often  that 
lightning   descends   chimneys,  and   thus   passes  into   rooms.     It 
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V8  bdl-vre*.  "Mstallic  mtmUimp  cf 
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>78.  Conc/wrfon  or  paratmmam  [b^itxtm^^^^  nr  ll^^^ 
mo/buildingg,  —  The  porpoee of  |an&«^^^ ^ ,«:■»« »a^g-^ 
mductora  erected  for  the  protectioo  of  Vcjaup, :»  nx  -a  as 
rather  to  attract  ligfatniog,  and  £veft  k  ana  &  amam  jl  ^s 

ill  be  innoziooa. 

A  paratoniKne  ■  a 

length  of  whieh  rarie 

it  is  placed,  bat  nhJdt  s  r 

to  forty  fecL     It  m  tnesai 

object  it  is  micarisd  b:-  jrvBaOL     Jtvol 

an  nnbn^eii  sriea  <£  ^<!ttfclnr 

welded  together  end  K  euL  k> 

groand,  where  th(j  art  siBrsL  jl 

better  still,  imaiened  Ja  ■•»&•-  h  »  ti 

the  escape  of  the  f  xji  -riicii  fisvKiiai  xBwa  U'^^ 

If  water,  cr  TSf'.i*z  itiL,  nmrr  w  rMT-sm^-"-  ' 

foand,  it  sh>ali  ^  ^riitiiKTirt  t-ki  a.  ««*« 

metal    of   eaeaii«n^'j» 

buried  in  a  lii  £Ii*?i  w!J:i    viiifffffrL 

or,  better  sclL  wr:i  ?--t  >  'Haa4L  •r* 

The  partd  cf  a  ▼»-!i-5:n*»cni5i«. 

are  represenaed  h  //  •!  Tut  -vt 

of  iron,  b  r:c2d  i;:  1*3  'jis^.  •:i*»fi  *iitsfi%,  i.- 

decrease;  sr»i=Ll7  i.^  ^Lj*^:i>ftft  *v  'i*  wixf& 

It  is  eryai»Kd  tr^flm-.c-T  ■/  -jr?*  i»i*^a^  ^«>- 

Ter»lT  tLr>"zt  t.:iwi.     Ii  im  fcrwrt  ir^  ^^^  - 
sented  on  It  'm  t»-.  *t*.-vii*''".i-^   iif  '.ut   i^-^- 
and  tbo«e  rf  ti*  livnu»:::ar-t  p«»£9»^   i«    fc*. 
p^ng  iQco«iT*-ir:i;  2.irT.r-j'j*  v.  -a*t  tiasr^.:;. 
The  8n|«rior  piw^  x  -t  rr-:r»rvjin)»r',   •r^m.-v-?.' 
It  is  a  rid  of  twass  *:?•  tr.o.r  lyiir.  -wx  5^r    , 
length,  termini::' z  --  i  ";'ar-n«i.tt  vinr.  tv,,: 
three  inches  loo?,  vsa^ntvi  %%  'Ji^t  rvc  t«v  ni  -■< 
solder,  which  is  fan&«r  4«!fscr»d  -.7  i  vfr^m  ^k^^_ 
whieh  girea  the  pcniseSLir  i^^wmik  ji  ini  -.^ 
gram  beWw  the  ponL 

Three  fA  the  oktc/m*.  r^-^inKd  ?m  vnr  <-?!. 
cient  for  attachicr  the  t«nvju:i<-r»  v.  iu»  iv/  t- . 
represented  in  /;.  C?  .  k  >.  '.  M«t  /  ♦.. 
the  rod  ia  rappr>rv>d  azkbHC  a  '■•r^i^  y«M^ 
which  it  is  attached  by  mrrvA  :  «  f  j!  jt  Vir^ 
upon  a  diag-Miai  hmx;  aan  aK  /  jt  jj  nn^-.  . 
secured  bj  bolu  to  a  ^'MnafA^' ii^gu^  ^f^ 
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rig  ITS 

The  oxidaotor  is  continued  downwards  i 
fioe,  or  in  any  other  convenient  conrec,  to  t 
of  iron,'roand  or  square,  or  by  a  cable  of  i 
u  IB  sometimes  used  for  the  lighter  sort  of . 
is  attached,  at  iU  upper  extremity,  to  the  bi 
a  joint,  which  ia  hermetically  closed,  so  . 
which  wonld  prodoce  a  dangeroas  solution  ( 

To  comprehend  the  protcctiTC  influence  o 
be  considered  that  the  inductive  action  of  a  t 
the  natural  electricity  of  the  rod  more  enerf 
rounding  objeota,  both  on  account  of  the  i 
the  rod  (1776).  The  point  becoming  snrcb 
contrary  naine  from  that  of  the  cloud  susp 
this  fluid  in  a  jet  towards  the  clond,  whe 
nentraliies  an  equal  qoantity-of  the  electric 
is  charged,  and,  dt  the  ivm*;"— —    ' 
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2279.  Eff*rH  of  Uyhtninij  ou  4<o»'V-'4  'rri^J.  •.'•  r.--Iot* — 7  :•  Z-  ■.- 
of  ligb tiling,  like  those  nf  ekdr>:::T  e-  .-■■.i  -.j  ij--iija_  ii-  ..■.  --• 
thrcvfuKl :  pliysiolornt'&ly  ph^ricraU  i-i  --r-.-i-i^a- 

When  lightning  kills,  the  pan?  wLtr*  :;  ij»-  •t.-jvc  •.•^^*    .     ...--.. 
of  sovere  burning;  the  bones  are  'A'jzZi  L-r/c-ii  Li:  •."•-•:■.--.:   . 
Lid  been  subjected  to  violent  m*x-Lu.j:aI  ;rt =►-,•-:       '••  :.r-. 
on  the  spteiu  bj  induction  onlj.  *Li:i  i*  »*l-r-:  iii*  -r    :    .  ■      ■- 
indirect  shock,  it  does  not  imu.-rili'-tij  i— 1   •-•;.:  _ifj'/>    ..- ■     -• 
shnck;!  so  peverc  m  soractime^  Vj  I^at*  *3r'r-*  vi^  l  ir*  -l.  .  -. 
The  physical  effects  of  lijzLtT^iLz  pr>du-.r-i   -:■••-  •r.-.i--.  .  - 
rad^  their  temperature.     This  el-.-vtrl-'Q  :•  K::**i.i:je-   t.   :••  -      -- 
thej  are  rendered  incandctoeL:.  fu?^i-  t^i  ^i-::.  v-j-:!*;^     V    .: 
pens  occasionally  with  beii-vir&<.  ^'-yafS^i.-j  ii  *z:i>rri  i.-  .    -.•.:•  - 
tected  positions,  as  in  courta  cr  gari?:.:-     TL*:  c ?-.•;.-  -..f  iii.  .      v    :«. 
proiluced  in  such  cases  set  frt  :o  ilt  ','.::.v*-:1-1':  i-fc"*-:  .-.  v  ■. .  •_ 
they  may  chance  to  fall.     W..:*i.  r^riw.  tii  ••v.L  r^c-'.;.  •. .  - - 
bodies,  are  ignited  generally  Lj  tLe  llz'-^vS::.-^  zrLwZi  :ir.'-,,-.  -.i 
by  the  attraction  of  other  b^ilcs  :.-:Ar  :lf—  vi*,'.L  xj\  ;:  .  •,    . 
ductors. 

The  mechanical  effi-ct3  of  V./Lr.'.r.^.  '.Lt  ;•.-. ->.ril  'A--     '  v  •_ 
has  not  been  satis  fact'  •ri  1  v  c  x  ;■!--*;:-•.  i .  lt^  '  . :  v  t.  x :  r;,  : : .  r^u-  ■       .-,  • 
mons  masses  of  metal  are  ^.^i  frvi'i  iL-:!."  ?-;:•  -'"■.  "»- 
stone  are  broken,  and  m^i^";'/':  Lui.il!;^-  ur:  r-.z- .i 

22^^0.    y^tf  Aurora  Z^/r- '#/<">  —  ''i*   y  '"■•.  ."'i    *' 

No  t hi-ory  or  by  pf »t  h e.-  i ■«  »  L ; c L  L  i%  c '.  :j.  l.  -  l  j  «.  i  ^"  :. «.  .-ti:  l  . .  -.  ■  •.-  • 
has  yet  been  suggested  f  r  tLe  tz'/i^z^i^il  u  f  iL^  «.*:>. or  ., .. 
apf »earances  w h ich  atte nd  the  j  1 ';  n  .  ru *.-  l  .  :j  -  r - ,  h ',  we  \  t  r .  v ! . . :  r. 
and  its  forms,  directions,  at*  J  p-.'-iti^pti-,  iLvu^^ii  tv.r  varv!: ;: 
bear  a  remarkable  relation  I'j  il*-.  lt^^tl*:'-:  lu'rrMiau^  L^i  p*  ■-- 
Whatever,  therefore,  be  it.^  pLvrk-Sil  c-iuv-,  i:  i-  tvidcLt  :•...:  ::.-. 
theatre  of  its  action  is  the  aiu^o-pL'.re :  tL-^t  th':  a^'r:^:  Ij  vl..:.  \l': 
development  is  due  is  cl«.'::riclty,  iiiSuTDiod  U*  t.-iiit  uL-j.-.':r-uiL.v'i 
manner  by  terrestrial  maguctbrn.  In  the  abdCZiCC  of  aiiV  sa:.-:u'.-T  :ry 
theory  for  the  explanation  of  the  phcnoiu'.'Eion,  we  thall  coriLN-j  ur- 
selvcs  here  to  a  thort  description  of  it,  derived  from  the  most  •:xtt-L- 
feive  and  exact  scries  of  observations  which  have  been  ma^J*.-  lu  iL'>^ 
regions  where  the  meteor  lias  been  seen  with  the  most  marked  char- 
acters and  in  the  greatest  splendour. 

2281.  Gvneml  chararUr  of  thu^  mftKf*r.  —  The  aurora  b:<ri?r»li?  i? 
a  luminous  phenomenon,  which  appears  in  the  heavens,  aL<l  !.->  '^cen 
in  higb  latitudes  in  both  hemispheres.  The  term  aurora  h-.Tialis,  or 
northern  lights,  has  been  applied  to  it  because  the  opportuiiitii\s  nf 
wicncnsing  it  are,  from  the  geographical  chanictcr  of  the  jiluU-,  much 
more  frequent  in  the  northern  than  in  the  southern  hciiji.>^j'hcrc. 
The  term  aurfjrajtf*larut  would  be  a  more  proper  designation. 

This  phenomenon  consists  of  luminous  rays  of  various  colours, 
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icwning  from  every  direction,  but  converging  to  the  same  point,  whidi 
appear  after  sunset,  generally  toward  the  north,  occasionally  toward 
the  west,  and  sometinies,  but  rarely,  toward  the  south.  It  fjrequently 
appears  near  the  horizon,  as  a  vague  and  diffuse  light,  something  like 
the  faint  streaks  which  harbinger  the  rising  sun  and  form  the  dawn. 
Hence  the  phenomenon  has  derived  its  name,  the  northern  morning. 
Sometimes,  however,  it  is  presented  under  the  form  of  a  sombre  okwd, 
from  which  luminous  jets  issue,  which  are  oflen  varianslj  oolomed, 
and  illuminate  the  entire  atmosphere. 

The  more  conspicuous  auroras  commence  to  be  formed  soon  afier 
the  close  of  twilight.  At  first  a  dark  mist  or  foggy  cload  is  per- 
ceived in  the  north,  and  a  little  more  brightness  towards  the  west 
than  in  the  other  parts  of  the  heavens.  The  mist  gradnallj  takes 
the  form  of  a  circular  segment,  resting  at  each  comer  on  the  horiion. 
The  visible  part  of  the  arc  soon  becomes  surrounded  with  a  pale 
light,  which  is  followed  by  the  formation  of  one  or  several  Inminoos 
arcs.  Then  come  jets  and  rays  of  light  variously  coloured,  which 
issue  from  the  dark  part  of  the  segment,  the  continuity  of  which  is 
broken  by  bright  emanations,  indicating  a  movement  of  the  mass, 
which  seems  agitated  by  internal  shocks  during  the  formation  of 
these  luminous  radiations,  that  issue  from  it  as  flames  do  from  a  con- 
flagration. When  this  species  of  fire  has  ceased,  and  the  aurora  has 
become  extended,  a  crown  is  formed  at  the  zenith,  to  which  these 
rays  converge.  From  this  time  the  phenomenon  diminishes  in  its 
intensity,  exhibiting,  nevertheless,  from  time  to  time,  sometimes  on 
one  side  of  the  heavens  and  soroetimes  on  another,  jets  of  light,  a 
crown,  and  colours  more  or  less  vivid.  Finally  the  motion  ceases; 
the  light  approaches  gradually  to  the  horizon ;  the  cloud  quitting  the 
other  parts  of  the  firmament  settles  in  the  north.  The  dark  part  of 
the  segment  becomes  luminous,  its  brightness  being  greatest  near  the 
horizon,  and  becoming  more  feeble  as  the  altitude  augments,  until  it 
loses  its  light  altogether. 

The  aurora  is  sometimes  composed  of  two  luminous  segments, 
which  are  concentric,  and  separated  from  each  other  by  one  dark 
space,  and  from  the  earth  by  another.  Sometimes,  though  rarely, 
there  is  only  one  dark  segment,  which  is  symmetrically  pierced 
round  its  border  by  openings,  through  which  light  or  fire  is  seen. 

2282.  Description  of  auroras'  seen  injhe  polar  regions  by  M. 
Lottin,  —  One  of  the  most  recent  and  exact  descriptions  of  this 
meteor  is  the  following,  supplied  by  M.  Lottin,  an  officer  of  the 
French  navy,  and  a  member  of  the  Scientific  Commission,  sent  some 
years  ago  to  the  North  Seas.  Between  September,  1838,  and  April, 
1839,  this  savant  observed  nearly  150  meteors  of  this  class.  They 
were  most  frequent  from  the  17th  November  to  the  25th  January, 
being  the  interval  during  which  the  sun  remained  constantly  below 
the  horizon.    During  this  period  there  were  sixty-four  auroras  visibk; 
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beddes  many  which  a  clouded  sky  concealed  from  the  eye,  but  the 
piraence  of  which  was  indicated  by  the  disturbances  they  produced 
upoa  the  magnetic  needle. 

The  Buccessioo  of  appearances  and  changes  presented  by  these 
meteors  are  thns  described  by  M.  Lottin  :  — 

Between  four  and  eight  o'clock,  p.  m.,  a  light  fog,  rising  to  the 
altitade  of  six  degrees,  became  coloured  on  its  upper  edge,  being 
fringed  with  the  light  of  the  meteor  rising  behind  it.  This  border 
becoming  gradually  more  regular  took  the  form  of  an  arc,  of  a  pale 
yellow  colour,  the  edges  of  which  were  diffuse,  the  extremities  rest- 
mg  on  the  borison.  This  bow  swelled  slowly  upwards,  its  vertex 
being-  constantly  on  the  magnetic  meridian.  Blackish  streaks 
diYided  regularly  the  luminous  arc,  and  resolved  it  into  a  system  of 
imys;  these  rays  were  alternately  extended  and  contracted;  sorae- 
times  slowly,  sometimes  instantaneously ;  sometimes  they  would  dart 
oitt,  increasing  and  diminishing  suddenly  in  splendour.  The  iDferior 
parts,  or  the  feet  of  the  rays,  presented  always  the  most  vivid  light, 
and  formed  an  arc  more  or  less  regular.  The  length  of  these  rays 
was  very  various,  but  the}'  all  converged  to  that  point  of  the  heavens 
indicated  by  the  direction  of  the  southern  pole  of  the  dipping  needle. 
Sometimes  they  were  prolonged  to  the  point  where  their  directions 
intersected,  and  formed  the  summit  of  an  enormous  dome  of  light. 

The  bow  then  would  continue  to  ascend  toward  the  zenith  :  it 
would  suffer  an  undulatory  motion  in  its  light  —  that  is  to  say, 
from  one  extremity  to  the  other  the  briglitness  of  the  rajs  would 
increase  successively  in  intensity.  This  luminous  current  would 
appear  several  times  in  quick  succession,  and  it  would  pass  much 
more  frequently  from  west  to  ca.st  than  in  the  opposite  direction. 
Sometimes,  but  rarely,  a  retrograde  motion  would  take  place  imme- 
diately afterward ;  and  as  soon  as  this  wave  of  light  had  run  succes- 
sively over  all  the  rays  of  the  aurora  from  west  to  east,  it  would 
return  iu  the  contrary  direction  to  the  point  of  its  departure,  pro- 
ducing such  an  effect  that  it  was  impossible  to  say  whether  the  rays 
themselves  were  actually  affected  by  a  motion  of  translation  in  a  direc- 
tioD  nearly  horizontal,  or  whether  this  more  vivid  light  was  transferred 
from  ray  to  ray,  the  system  of  rays  themselves  suffering  no  change 
of  position.  The  bow,  thus  presenting  the  appearance  of  an  alter- 
nate motion  in  a  direction  nearly  horizont^il,  had  usually  the  appear- 
ance of  the  undulations  or  folds  of  a  ribbon  or  flag  agitated  by  the 
wind.  Sometimes  one  and  sometimes  both  of  its  extremities  would 
desert  the  horizon,  and  then  its  folds  would  become  more  numerous 
and  marked,  the  bow  would  change  its  character,  and  assume  the 
form  of  a  long  sheet  of  rays  returning  into  itself,  and  consisting  of 
several  parts  forming  graceful  curves.  The  brightness  of  the  rays 
would  vary  suddenly,  sometimes  surpassing  in  splendour  stars  of  the 
first  magnitude ;  these  rays  would  rapidly  dart  out,  and  curves  would 
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be  formed  and  developed  like  the  folds  of  a  serpent;  tbentbe  njs 
would  affect  various  colours :  the  base  would  be  red,  the  middle 
green,  and  the  remainder  would  preserve  its  clear  yellow  hue.  Such 
was  the  arrangement  which  the  colours  always  preserved ;  they  were 
of  admirable  transparency,  the  base  exhibiting  blood-red,  and  the 
green  of  the  middle  being  that  of  the  pale  emerald ;  the  brightaev 
would  diminish,  the  colours  disappear,  and  all  be  extinguished,  some- 
times suddenly,  and  sometimes  by  slow  degrees.  After  this  dinp- 
pearance,  fragments  of  the  bow  would  be  reproduced,  would  continue 
their  upward  movement,  and  approach  the  zenith ;  the  rays,  by  tiie 
effect  of  perspective,  would  be  gradually  shortened ;  the  thicknesa 
of  the  arc,  which  presented  then  the  appearance  of  a  larae  lone  of 
parallel  rays,  would  be  estimated ;  then  the  vertex  of  the  bow  would 
reach  the  magnetic  zenith,  or  the  point  to  which  the  south  pole  of 
the  dipping  needle  is  directed.  At  that  moment  the  nys  would  be 
seen  in  the  direction  of  their  feet.  If  they  were  coloured,  they 
would  appear  as  a  large  red  band,  through  which  the  green  tints  d 
their  superior  parts  could  be  distinguished ;  and  if  the  wave  of  light 
above  mentioned  passed  along  them,  their  feet  would  fdrm  a  long 
sinuous  undulating  zone ;  while,  throughout  all  these  changes,  the 
rays  would  never  suffer  any  oscillation  in  the  direction  of  their  axis, 
and  would  constantly  preserve  their  mutual  parallelisms. 

While  these  appearances  are  manifested,  new  bows  are  formed, 
either  commencing  in  the  same  diffuse  manner,  or  with  vivid  and 
ready-formed  rays :  they  succeed  each  other,  passing  through  nearly 
the  same  phases,  and  arrange  themselves  at  certain  distances  from 
each  other.  As  many  as  nine  have  been  counted,  forming  as  many 
bows,  having  their  cuds  supported  on  the  earth,  and,  in  their  arrange- 
ment, resembling  the  short  curtains  suspended  one  behind  the  othor 
over  the  scene  of  a  theatre,  and  intended  to  represent  the  sky. 
Sometimes  the  intervals  between  these  bows  diminish,  and  two  or 
more  of  them  close  upon  each  other,  forming  one  large  zone,  travers- 
ing the  heavens,  and  disappearing  toward  the  south,  becoming  rapidly 
feeble  after  passing  the  zenith.  Bat  sometimes,  also,  when  this  zone 
extends  over  the  summit  of  the  firmament  from  east  to  west^  the 
mass  of  rays  which  have  already  passed  beyond  the  magnetic  icnith 
appear  suddenly  to  come  from  the  south,  and  to  form  with  those 
from  the  north  the  real  boreal  corona,  all  the  rays  of  which  converge 
to  the  zenith.  This  appearance  of  a  crown,  therefore,  is  doubtless 
the  mere  effect  of  perspective  ;  and  an  observer,  placed  at  the  same 
instant  at  a  certain  distance  to  the  north  or  to  the  south,  would  per- 
ceive only  an  arc 

The  total  zone  measuring  less  in  the  direction  north  and  south 
than  in  the  direction  east  and  west,  since  it  often  leans  upon  the 
earth,  the  corona  would  be  expected  to  have  an  elliptical  form ;  but 
^at  does  not  always  happen :  it  has  been  seen  circular,  the  nneqoii 
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raja  not 'cite  Diliiig  to  m  great4ir  difitanoe  thao  from  eight  to  twelve 
ilffsrees  from  the  lenitb,  whilo  at  olbcr  times  they  reach  the  horizon. 

Let  it,  then,  be  imag'itieil,  that  all  these  vivid  rajs  of  light  issue 
forth  with  splendour,  subject  to  oontioual  and  sudden  variations  in 
their  length  and  brightness;  that  these  beautiful  red  and  green  tiuls 
colour  them  »t  intervals;  that  waves  of  light  undulate  over  them; 
that  currents  of  light  succeed  each  other;  and,  in  fine,  that  ibc  vast 
firmament  preienta  one  immcoM  and  magnificent  domo  of  Ir^'lit, 
reposing  on  the  snow^oovcred  base  supplied  bj  the  ground — which 
itcelf  serves  as  a  dauling  frame  for  a  sea,  calm  and  bloclc  as  a  pitchj 
lake — and  some  idea,  though  an  imperfect  one,  mnj  be  obtained  of 
the  splendid  spectacle  which  presents  itself  to  him  who  witnesses 
the  aorors  from  the  baj  of  Alten. 

The  corona,  when  it  ia  formed,  onlj  lasts  for  some  minutes :  it 
sometimes  forms  suddenlj,  without  anj  previous  bow.  There  are 
rarelj  more  than  two  on  the  same  night;  and  manj  of  the  auroras 
are  attended  with  no  crown ~at  all. 

The  corona  becomes  gradnallj  fuint,  the  whole  phenomenon  being 
to  the  south  of  the  lenitb,  furming  buws  griduidtj  p.iler,  arjil  genu- 
nllj  disappearing  before  llicy  reach  the  fmuthern  horizon.  All  ibis 
luodt  eommonlj  t:ikcs  place  in  the  first  hulf  of  the  night,  after  whioh 
the  aurora  appeani  to  have  lost  its  intensity :  the  pencils  of  ojs,  the 
bands  and  the  fragments  of  bows,  appear  and  disappear  at  inttrvub ; 
then  the  rajs  become  more  and  more  diffuKcd,  and  ultimately  niergo 
into  the  raguc  and  feeble  light  which  is  spread  over  the  hcavcus, 
grouped  like  little  clouds,  and  designated  bj  the  name  of  iiiirornl 
jilala  QJaqueM  aitromla).  Q'hcir  milky  light  fre()uently  uudi;rgoe» 
htriking  changes  in  its  brightness,  like  motions  of  dilatation  and  con- 
traction, which  arc  propagated  reciprocally  between  the  centre  and 
the  circa  inference,  like  those  which  aro  observed  in  marine  animals 
ailed  Medusae.  The  phensmena  become  gradually  more  faint,  and 
generally  disappear  alt^tber  on  the  sppearanoe  of  twilight.  Some- 
times, however,  the  anion  continues  after  the  commeneemeut  of  day- 
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bre«1c,  wlien  the  light  is  to  strong  thftt  &  printed  bogie  nuj  be  N 
It  then  diuppeani,  sometimes  Buddeolj;  bnt  it  oftea  hmppens  tk 
u  the  daylight  angnientB,  the  surom  bwomes  gndokllj  vmne  i 
undefined,  takes  %  whitish  oolonr,  and  is  nltimBtolj  to  mio^Mi  ir 
the  eirrho-BtntuB  olonds  thit  it  ia  impossible  to  diatingaiBb  it  fr 
them. 


Some  of  the  appearances  here  described  o 
379,  080,  031,  682.,  copied  from  the  rocinoii 
There  is  great  difficulty  in  deU'rmining  the  exact  height  of  the 
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TFalJs  above  the  earth,  and  ■ccordiDglj  the  opinions  HTen 
bject  by  diffisrent  obeervera  kre  widely-  diacordant.  MaJran 
the  mesa  height  to  be  175  French  leagues;  Bergman  sajs 
Enler  aeTeial  thoiuand  miles.  From  the  comparison  of  « 
f  obaerrationa  of  ta  auron  that  appeared  in  March,  1826, 
liflercnt  places  in  the  north  of  England  and  sooth  of  Soot- 
Dklton,  in  a  paper  presented  to  the  Royal  Society,  com- 
height  to  be  about  100  miles.  Bnt  a  t^cnlation  of  this 
'hicn  it  IB  at  necessity  supposed  that  the  meteor  is  aeeo  io 
le  latne  place  by  the  different  obserren,  is  subject  to  very 
Eertaioty.  The  observations  of  Dr.  Riohardsoo,  Franklin, 
irty,  and  otbeis,  seem  to  prove  that  the  plaoe  of  the  aurora 
bin  the  limits  of  tbe  atmosphere,  and  scarcely  above  the 
r  tbe  clouds;  in  fsot,  as  the  diurnal  rotation  of  the  earth 
no  ohange  in  its  apparent  position,  it  most  necessarily  par- 
th»t  motion,  and  eonseqnently  be  regarded  h  an  atmo- 
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CHAPTER  I. 

METHODS  OF  INVESTIQATION   AND  MEANS  OF  0B8KRYATI0N. 

2283.  The  tdar  system,  —  The  earth,  which  in  the  economy  of 
the  universe  has  become  the  habitation  of  the  races  of  mcn^  is  i 
globular  mass  of  matter,  and  one  of  an  assemblage  of  bodies  of  like 
form  and  analogous  magnitude,  which  revolve  in  paths  nearly  circalar 
round  a  common  centre,  in  which  the  sun,  a  globe  having  dimen- 
sions vastly  greater  than  all  the  others,  is  established,  maintaining 
physical  order  among  them  by  his  predominant  attraction,  and  minis- 
tering to  the  well-being  of  the  tribes  which  inhabit  them  by  a  fit 
and  regulated  supply  of  light  and  heat. 

This  group  of  bodies  is  the  Solar  System. 

2284.  The  stellar  universe.  —  In  the  vast  regions  of  space  which 
surround  this  system  other  bodies  similar  to  the  sun  are  placed, 
countless  in  number,  and  most  of  them,  according  to  all  probability, 
superior  in  magnitude  and  splendour  to  that  luminary.  With  these 
bodies,  which  seem  to  be  scattered  throughout  the  depths  of  im- 
mensity without  any  discoverable  limit,  we  acquire  some  ac<}uaintanoe 
by  the  mere  powers  of  natural  vision,  aided  by  those  of  the  under- 
standing; but  this  knowledge  has  received,  especially  in  modem 
times,  prodigious  extension  from  the  augmented  range  given  to  the 
eye  by  the  telescope,  and  by  the  great  advances  which  have  been 
made  in  mathematical  science,  which  may  be  considered  as  conferring 
upon  the  mind  the  same  sort  of  enlarged  power  as  the  telescope  has 
conferred  upon  the  eye. 

2285.  Subject  of  astronomy  —  origin  of  tlie  name.  —  The  invcs- 
tigaticm  of  the  magnitudes,  disUmces,  motions,  local  arrangements, 
and,  so  fat*  as  it  can  be  ascertained,  the  physical  condition  of  the>e 
great  bodies  composing  the  USivkrsk,  constitutes  the  subject  of 
that  branch  of  s(fien(;e  called  Astronomy,  a  term  derived  from  the 
Greek  words  ocrri;^  (aster),  a  star  (under  which  all  the  heavenly 
bodies  were  included),  and  vo^ao^  (nouios),  a  law — the  science  which 
expounds  the  laws  Mbich  govern  tiie  motions  of  the  stars. 

(92) 
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2286.  Ti  treats  of  ifKiccembfe  objects, — It  is  evidenti  therefore, 
that  astronomy  is  distiDguished  fFom  all  other  divisions  of  natanil 
Krience  by  this  peculiarity,  that  the  bodies  which  are  the  sabjects  of 
nbfecrvation  and  enquiry  are  all  of  them  INACCESSIBLB.  Even  the 
earth  itself,  which  the  astronomer  regards  as  a  celestial  object  —  an 
•vrrp, — is  to  him,  in  a  certain  sense,  even  more  inaccessible  than  the 
others  j  for  the  very  fact  of  his  place  of  observation  being  confined 
strictly  to  its  surface,  an  insignificant  part  of  which  alone  can  be 
observed  by  him  at  any  one  moment,  renders  it  impossible  for  him 
to  examine,  by  direct  observation,  the  earth  AS  A  whole — the  only 
way  in  which  he  desires  to  consider  it, — and  obliges  him  to  resort  to 
a  variety  of  indirect  expedients  to  acquire  that  knowledge  of  its 
dimensioniy  form,  and  motions,  which,  with  regard  to  odier  and 
more  disCaoi  objects,  resnlts  from  direct  and  immediate  observation. 

2287.  Hence  arise  peculiar  methods  of  investit/ation  and pecvliar 
instruments  o/ observation.  —  This  circumstance  of  having  to  deal 
exelosively  with  inaccessible  objects  has  obliged  the  astronomer  to 
invent  peculiar  modes  of  reasoning  and  peculiar  instruments  of  ob- 
servation, adapted  to  the  solution  of  such  problems,  and  to  the  dis- 
covery of  the  necessary  data.  Much  needless  repetition  will  then 
be  saved  by  explaining  once  for  all,  with  as  much  brevity  as  is  com- 
patible with  clearness,  the  most  important  classes  of  those  problems 
which  determine  the  circumstances  of  each  particular  celestial  object, 
and  by  describing  the  principal  instruments  of  observation  by  which 
the  necessary  data  are  obtained. 

2288.  Direction  and  bearing  of  visible  obfects,  —  The  eye  esti- 
mates only  the  direction  or  relative  bearings  of  objects  within  the 
range  of  vision,  but  supplies  no  direct  means  of  determining  their 
distances  from  each  other,  or  from  the  eye  itself  (1168,  ei  seq.). 

The  absolute  direction«of  a  visible  object  b  that  of  a  straight  line 
drawn  from  the  eye  to  the  object 

The  relative  direction  or  bearing  of  an  object  is  determined  by 
the  angle  formed  by  the  absolute  direction  with  some  other  fixed  or 
known  direction,  such  as  that  of  a  line  drawn  to  the  north,  south, 
east,  or  west 

2289.  They  supply  the  means  of  ascertaining  the  distances  and 
positions  of  inaccessible  objects.  —  By  comparing  the  relative  bear- 
ings of  inaccessible  objects,  taken  from  two  or  more  accessible  points 
whose  distance  from  each  other  is  known,  or  can  be  ascertained  by 
actual  measurement,  the  distances  of  such  inaccessible  objects  from 
the  accessible  objects,  from  the  observer,  and  from  each  other,  may 
be  determined  by  computation.  Such  distances  being  once  known, 
become  the  data  by  which  the  mutual  distances  of  other  inaccessible 
objects  from  the  former,  and  from  each  other,  may  be  in  like  manner 
computed;  so  Uiat,  by  starting  in  this  manner  from  two  objects 
whose  mutual  distance  can  be  actually  measured,  we  may  proceed, 
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2295.  The  arc^  the  chords  and  the  sine  may  he 
equal  when  (he  angle  U  small,  —  If  A  C  B,  fy.  684,  be  the  an^ 
A  B  the  arc,  and  A  c  =  c  B  the  radios,  a  line  A  D  drawn  from  OM 
extremity  of  the  arc  pcrpcadiculor  to  the  radius  c  B,  which  pasMi 

through  the  other  extremity  of  the  arc,  is  called 
its  sine ;  and  the  straight  line  A  B  jmohig  the 
extremities  of  the  arc  is  called  its  ehord. 

It  will  be  evident  by  merely  ^drawiBg  the 
diagram  with  a  gradaally  decr^siBg  M^ 
that  the  three  lengths,  the  sine  a^*^  tSe  dioid 
A  B,  and  the  arc  a  b,  will  approaA  to  mopt^ 
as  the  arc  diminishes.  Ever  ,where  the  iro  ■ 
so  large  as  80^,  it  does  not  exceed  the  koclh 
of  the  chord  by  mor^-;than  thtee-teotlis  m  a 
degree;  and  thereforeitbr  all  angles  Um  tlu 
this,  the  chord  and/H^  may  be  considered  as 
equal  where  the  mos^  extreme  precisioQ  is  not 
j;(;Quircd.  ♦=• 

^iJTiyie  manne*^  if  the  angle  a  o  b  be  15®, 
the  sine  A  ly^^l  be  less  than  the'aro  by  ooly 
two-tenths  of  a  degree,  that  is,  by  the  75th 
part  of  the  entire  length  of  the  arc.  In  «11  cases, 
therefore,  where  greater  precision  than  this  is 
not  required,  the  sine  A  D,  the  chord,  and  the 
arc  may  be  considered  for  such  angles  as  interchangeable. 

When  the  angles  are  so  small  as  a  degree  or  two,  thes^  quantities 
may  for  all  practical  purposes  be  considered  to  be  equal. 

2296.  To  ascertain  ike  distamce  a/ an 
inaccessible  object  from  two  accessible  $Ui^ 
tions.  —  This,  which  is  a  problem  of  the 
highest  importance,  being  in  %ci  the  basis 
of  all  the  knowledge  we  possess  of  the  dis- 
tances, dimensions,  and  motions  of  the 
great  bodies  of  the  aniverse,  admitg  of  easj 
solution. 

Let  s  and  s',  fg.  685,  be  the  two  statiooi, 
and  o  the  object  of  observation;  and  let 
the  visual  angles  subtended  by  o  and  s'  at 
8,  and  by  o  and  s  at  s',  be  observed,  and 
the  distance  s  s'  measured. 

Take  a  lino  st^,  consisting  of  as  maor 
inches  as  there  are  miles  in  8  8',  and  draw 
two  lines  so  and  ^o  from  s  and  ^,  making  with  s/  the 


Fig,  684. 
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s  o  and  s^  o  aro  ascertahied  bj  observation  to  make  with 
that  case  the  triangle  Bod  will  be  in  all  respects  similar  to 
le  8  o  b'j  only  drawn  on  a  smaller  scale,  an  inch  in  any  of 
corresponding  to  a  mile  in  one  of  the  sides  of  the  great 
o  s'.  If  the  sides  n  %  and  /  o  be  therefore  measured,  they 
5t  of  as  many  inches  as  there  are  miles  in  the  corrcspono- 
8  o  and  s'  o  of  the  great  triangle.  Now,  since  the  small 
is  always  accessible  to  direct  measurement,  and  as  the 
if  its  scale  to  that  of  the  great  triangle  is  known,  the 
e  of  the  sides  of  the  great  triangle  may  be  ascertained. 
it  being  identical  in  its  actual  details  with  the  process  by* 
fl  problem  is  solved,  the  preceding  reasoning  is  the  same  in 
and  spirit  Trigonometrical  tables  supply  much  more 
means  of  determining  the  proportion  of  the  sides  of  the 
bat  sach  tables  are  nothing  more  than  the  arithmetical 
ttion  of  such  diagrams  Bsfig.  685. 

Caae  in  tchich  the  distance  of  the  object  is  great  reiativfly 
tance  between  the  stations,  —  If  in  this  case  the  stations  be 
so  selected  with  reference  to  the  object  that  tho 
directions  of  the  object  as  seen  from  them  shall  form 
angles  with  the  line  joining  the  stations  which  shall 
be  equal  or  nearly  so,  this  latter  lino  may.  be  consi- 
dered as  the  chord  of  the  arc  described,  with  the 
object  as  a  centre  and  the  distance  as  a  radius ;  and 
if.  the  direction  of  the  object  from  either  station  be 
at  right  angles  to  the  line  joining  the  stations,  this 
latter  line  may  be  considered  as  the  sine  of  the  arc. 
In  either  case,  the  distance  of  the  object  bearing  a 
high  ratio  to  the  distance  between  the  stations,  the 
angle  formed  by  the  two  directions  of  the  object,  as 
seen  from  the  stations,  will  be  so  small  that  the 
chord  or  sine  may  be  considered  as  equal  to  the  arc, 
'  and  the  solution  of  the  problem  will  be  simplified  by 
the  principles  established  in  (2295). 

Let  B  and  s',^.  686,  be  the  stations,  and  o  the 
object;  under  the  conditions  supposed,  the  angle  o 
will  necessarily  be  small.  Its  magnitude  may  be 
ascertained  by  measuring  the  visual  angles  o  s  s' 
and  o  s'  8 ;  which  may  be  done,  since  both  stations  s 
and  b'  are  accessible,  and  each  of  them  is  visible 
86.  from  the  other.  By  a  well-known  principle  esta- 
blished in  elementary  geometry,  the  three  angles  of 
KDgle  added  together  make  180^.  If,  therefore,  the  sum 
ro  observed  angles  at  8  and  b'  be  subtracted  from  180^,  the 
r  will  be  the  angle  o.  Now  if  this  angle  be  expressed  by 
nds,  we  shall  have  (2294) 
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2298.  Given  ths  apparent  distance  between  two  distant  obfeettf 
9Mrh  distance  being  at  right  angles^  or  nearljf  so,  to  their  vismd 
directions^  and  their  distance  from  the  observers^  to  find  the  admtd 
distance  between  them.  —  This  problem  is  only  a  particular  applioh 
don  of  the  general  principle  explained  in  (2294),  a  beinc  the 
apparent  distance  of  the  objects,  a  the  real  distance  between  uem, 

-  and  r  their  distance  from  the  observer. 

This  method  may  be  applied  without  practical  error,  if  the 
apparent  distance  between  the  objects  be  not  greater  than  two<Mr 
three  degrees,  and  it  may  be  used  as  a  rough  approximation  in  cases 
where  the  apparent  distance  is  even  so  great  as  30^.  When  the 
apparent  distance  amounts  to  so  much  as  60^,  the  actnal  dialanoe 
computed  in  this  way  will  not  exceed  the  true  distance  by  more  than 
a  24th  part  of  its  whole  amount ;  for  the  chord  of  60^  is  equal  to 
the  radius,  and  therefore  to  an  arc  of  57^*3,  being  less  Ihao  the  are 
by  only  2**-7,  or  about  a  24th  part  of  its  length. 

2299.  Given  the  apparent  diameter  of  a  spherical  object  and  its 
distance  from  the  observer,  to  find  ifn  real  diameter.  —  This  is  also 
a  purticular  application  of  the  general  problem  (2294),  ■  being  the 
apparent  diameter  and  r  the  distance,  and  in  all  cases  which  occur 
in  astronomy  the  apparent  diameters  are  so  small  that  the  Rsalts 
of  the  computation  may  be  considered  as  perfectly  exact. 

2300.  Methods  of  as<rertaining  the  direction  of  a  visible  and 
distant  object.  —  It  might  appear  an  easy  matter  to  obeerre  the 
exact  direction  of  any  point  placed  within  the  range  of  visibo,  since 
that  direction  must  be  that  of  a  straight  line  passing  direcUy  from 
the  eye  of  the  observer  to  the  point  to  be  observed.  If  the  eye  were 
supplied  with  the  appendages  necessary  to  record  and  measure  the 
directions  of  visible  objects,  this  would  be  true,  and  the  oi|^  of 
sight  would  be  in  fact  a  philosophical  instrument.  The  eye  is,  how- 
ever, adapted  to  other  and  different  uses,  and  constructed  to  play  a 
difierent  part  in  the  animal  economy ;  and  invention  has  been  stim- 
ulated to  supply  expedients,  by  means  of  which  the  exact  directions 
of  visible  distant  points  can  be  ascertained,  observed,  and  compared 
one  with  another,  so  as  to  supply  the  various  data  necessary  in  the 
classes  of  problems  which  have  just  been  noticed,  and  others  whieh 
we  shall  have  occasion  hereafter  to  advert  to. 

2301.  Use  of  sights.  —  The  most  simple  expedient  by  which  the 
visual  direction  of  a  distant  point  can  be  determined  is  by  sights, 
which  are  small  holes  or  narrow  slits  made  in  two  thin  opaque  ]^te8 
placed  at  right  angles,  or  nearly  so,  to  the  line  of  vision,  and  so 
arranged,  that  when  the  eye  is  placed  behind  the  posterior  opeoisg 
the  object  of  observation   shall   be  vi.<tible   through  the  anterier 
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opening.  Every  one  is  rendored  familiar  with  this  expcditnt,  by  its 
applicition  to  fire-«rm8  as  a' method  of  "  taking  aim." 

This  contrivance  is,  however,  too  rode  and  susceptible  of  error 
within  too  wide  limits,  to  be  available  for  astronomical  purposes. 

2302.  Application  of  the  teleMcope  to  indicate  the  visual  direction 
of  micmmetric  wirei. — The  telescope  (1212)  supplies  means  of 
determiniDg  the  direction  of  the  visual  ray  with  all  the  necessary 
preemoii. 

If  T  T^,  Jig.  687,  represent  the  tube  of  a  telescope,  t  the  ez- 
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Fig.  687. 

tremity  in  which  the  object^lass  is  fixed,  and  t^  the  end  where  the 
images  of  distant  objects  to  which  the  tube  is  directed  are  formed, 
the  visual  direction  of  any  object  will  be  that  of  the  line  ^  c  drawn 
from  the  image  of  snch  object,  formed  in  the  field  of  view  of  the 
telescope,  to  the  centre  c  of  the  object-glass ;  for  if  this  line  be  con- 
tinacd  it  will  pass  through  the  object  «. 

Bat  since  the  field  of  view  of  the  telescope  is  a  circular  space 
of  definite  extent,  within  which  many  objects  in  different  directions 
may  q^  the  same  time  be  visible,  some  expedient  is  necessary, 
by  which  one  or  more  fixed  points  in  it  may  be  permanently  marked, 
or  by  which  the  entire  field  may  be  spaced  out  as  a  map  is  by  the 
lines  of  latitude  and  longitude. 

This  is  accomplished  by  a  system  of  fibres,  or  wires  (38)  so  thin 
that  oven  when  magnified  they  will  appear  like  hairs.  These  are 
extended  in  a  frame  fixed  within  the  eye-piece  of  the  telescope,  so 
that  they  appear  when  seen  through  the  eye-glass  like  fine  lines 
drawn  across  the  field  of  view.  They  are  differently  arranged,  accord- 
ing to  the  sort  of  observation  to  which  the  instrument  is  to  be  applied. 

2303.  Zfine  of  coliimation.  —  In  some  cases  two  wires  intersect 
at  right  angles  at  the  centre  of  the  field  of  view,  dividing  it  into 
quadrants,  as  represented  in  fig,  683.  The  wires  are  so  adjusted 
that  their  point  of  intersection  o  coincides  with  the  axis  of  the 
telescope  tube;  and  when  the  instrument  is  so  adjusted  that  the 
point  oif  observation,  a  star  for  example,  is  seen  precisely  upon  the 
intersection  c  of  the  wires,  the  line  of  direction,  or  visual  ray  of 
that  star,  will  be  the  line  i/  c,  fig,  687,  joining  the  intersection  c, 
/^.  683,  of  the  wires  with  the  centre  c,  fig,  687,  of  the  object-glu!«.s. 

The  line  /"c,  fig,  687,  is  technically  called  the  line  of  coliimation. 

2304.  Application  of  the  telescope  to  a  graduated  instrument,  — 
The  telescope  thus  prepared  is  attached  to  a  graduated  instrument 
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by  which  angular  magDitudes  can  be  observed  and  meamiied.  Such 
iDStnimeDts  vary  infinitely  in  form,  magnitnde,  and  mode  of  mmint- 
ing  and  adjustment,  according  to  the  purposes-  to  which  they  are 
applied,  and  to  the  degree  of  precision  necessary  in  the  observatioDS 
to  be  made  with  them.  To  explain  and  illustrate  the  general  prin- 
ciples on  which  they  are  constructedi  we  shall  take  the  example  cf 
one,  which  consists  of  a  complete  circle  graduated  in  the  nsaal 
manner,  being  the  most  common  form  of  instrument  uted  in  as- 
tronomy for  the  measurement  of  angular  distances. 

Such  an  apparatus  is  represented  m  fi^,  688.     The  circle  A  B  c  n, 


Fig.  688. 

on  which  the  divisions  of  the  graduation  are  accurately  engraved, 
is  connected  with  its  centre  by  a  series  of  spokes  a?  ^  «.  At  its 
centre  is  a  circular  hole,  in  which  an  axle  is  inserted  so  as  to  turn 
smoothly  in  it,  and  while  it  turns  to  be  always  concentric  with  the 
circle  A  B  c  D.  To  this  axle  the  telescope  a  6  is  attached  in  such  a 
manner  that  the  imaginary  line  ^  r,  fig,  687,  which  joins  the  in- 
tersection  of  the  wires,  fiij,  688,  with  the  centre  of  the  object- 
glass,  shall  be  parallel  to  the  plane  of  the  circle,  and  in  a  plane 
passing  through  its  centre  and  at  right  angles  to  it. 

At  right  angles  to  the  axis  of  the  telescope  are  two  arms,  m  n, 
which  form  one  piece  with  the  tube,  so  that  when  the  tube  is  turned 
with  the  axis  to  which  it  is  attached,  the  arms  m  n  shall  turn  also^ 
always  preserving  their  direction  at  right  angles  to  the  tube.  Marks 
or  indices  are  engraved  upon  the  extremities  m  and  n  of  the  amis 
which  point  to  the  divisions  upon  the  limb  (as  the  divided  are  is 
called). 

A  clamp  is  provided  on  the  instrument,  by  which  the  telescope, 
being  brought  to  any  desired  position,  can  be  fixed  immoveably  in 
that  position,  while  the  observer  examines  the  points  upon  the  hob 
to  which  the  indices  m  and  n  are  directed. 

Now  let  us  suppose  that  the  visual  angle  under  the  direetiuif  of 
two  distant  objects  within  the  range  of  vision  is  required  to  be 
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The  cinJe  being  brought  into  the  plane  of  tbe  objects, 
•ad  fixed  in  it,  the  telescope  »  moved  apoa  its  axis  nntil  it  is  di' 
iccted  ta  one  of  tbe  objects,  m  that  its  imace  shall  coiodde  exactly 
with  the  interaectioa  of  the  wires.  The  telegcope  is  then  damped, 
•nd  the  obwrrer  examinea  the  points  of  the  divided  limb,  to  which 
<nw  of  the  indices,  m  for  example,  is  directed.  Tbisprocess  is  called 
"reading  off."  The  clamp  being  disengaged,  the  telescope  is  then 
in  like  manner  directed  to  the  other  object,  and  being  claniped  as 
before,  tbe  poeition  of  the  index  is  "  read  off."  The  difference  be- 
tweea  the  nnmbera  which  indicate  the  position  of  the  same  index 
in  both  cases,  will  evidently  be  the  visual  anglr  ander  the  dircc- 
tioQi  of  the  two  objects. 

As  »  means  of  further  accoracf ,  both  tbe  indicet  m  and  n  may 
be  "read  off,"  and  if  the  results  differ,  which  they  always  nill 
slightly,  owing  to  Taiitnu  canaes  of  error,  a  mean  of  tbe  two  may 
betaken. 

It  is  cTtdent  that  tbe  same  reaolts  would  be  obtained  if,  instead 
of  makiog  tbe  telescope  move  upon  tbe  circle,  it  were  imniorcably 
atucbed  to  it,  and  that  the  drcle  itself  tamed  upon  ita  centre,  as  n 
wheel  does  npon  ita  axle,  carrying  the  telescope  with  it.  In  ihis 
ax  tbe  divided  limb  of  the  circle  is  made  to  move  before  a  GxuJ 
index,  and  tbe  angle  tinder  the  directions  of  the  objects  nlll  be 
neuured  bj  the  length  of  the  are  which  passes  before  the  index. 

Socb  >  combination  is  represented  in  section  in  Jig.  689  where 


T  is  the  telescope,  p  the  pieces  by  which  it  is  attached  lo  tho  circle 
A  B  seen  edgewise,  tbe  aiia  of  which  d  works  in  a  solid  block  of 
■etal.  The  fixed  index  F  is  directed  to  the  gmdnatcd  limb  which 
Buires  before  it 

This  is  the  most  frequent  method  of  moantiog  ioatrnmcnts  used 
is  astronomy  for  angular  measureraent 

2305.  ijpedicnit  for  itirauiTing  the  fraetton  of  a  division.  — 
It  will  happen  in  general  that  the  index  will  be  directed,  not  Co  any 
eiact  division,  but  to  some  point  intermediate  between  two  divi- 
nons  of  the  limb.     Id  that  case  expedients  ore  provided  bj  wbicti 
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Fig.  690. 


the  fraction  of  a  degree  between  the  index,  and  the  hat 
which  it  has  passed,  may  be  ascertained  witb  an  extnordintry  d»* 
gree  of  precision. 

2806.  Bt/  a  Vernier.  —  This  may  be  accomplished  by  means  of 
ft  supplemental  scale  called  a  Vernier,  already  described  (1354). 

2807.  B^  a  compound  micnmcopef  and  mi' 
crom^tric  acrew,  —  The  same  object  may,  how- 
ever, be  attained  with  fkr  mater  aocniacjbj 
means  of  a  compound  microscope  mounted 
as  represented  in  jfig.  690,  so  that  the  ob- 
server looks  at  the  index  throngh  it  A 
system  of  cross  wires  is  placed  in  die  iield 
of  view  of  the  microscope,  and  the  whdo 
may  be  so  adjusted  by  the  action  of  a  toe 
screw,  that  the  index  shall  coincide  ptreeisely 
with  the  intersection  of  the  wires.  T%e 
screw  is  then  turned  until  the  intenectioQ 
of  the  cross  is  brought  to  coincide  irith  the 
previous  division  of  the  limb ;  and  the  number  of  turns  and  firae- 
tion  of  a  turn  of  the  screw  will  give  the  fraction  of  a  degree  be- 
tween the  index  ft^  the  previous  division  of  the  Kmb. 

It  is  necSsary,  however,  to  ascertain  previously  the  value  of  a 
complete  revolution  of  the  screw.  This  is  easily  done  by  taming 
the  screw  on  which  the  intersection  of  the  cross  is  moved  from  one 
division  to  the  adjacent  one.  Dividing,  then,  one  degree  of  the 
limb  by  the  number  of  turns  and  fraction  of  a  turn,  the  arc  which 
corresponds  to  one  complete  turn  will  be  found. 

2308.  Observation  and  meaturement  of  minute  angleg,  •—  When 
the  points  between  which  the  angular  distance  required  to  be  ascer- 
tained are  so  close  together  as  to  be  seen  at  one  and  the  same  time 
within  the  field  of  view  of  the  telescope,  a  method  of  measurement 
is  applicable,  which  admits  of  even  greater  relative  accuracy  than 
do  the  methods  of  observing  large  angular  distances.  This  arises 
from  the  fact  that  the  distance  between  such  points  may  be  deter- 
mined by  various  forms  of  micromctric  instruments,  in  which  fine 
wires,  or  lines  of  spider's  web,  arc  moved  in  a  direction  perpendie- 
ular  to  their  length,  so  as  to  pass  successively  through  the  points 
whose  distance  is  to  be  observed. 

2309.  The  parallel  wire  micrometer.  —  One  of  the  forms  of  mi- 
cromctric apparatus  used  for  this  purpose  is  represented  in  trans- 
verse section  in  Ji(/.  691.  This,  which  is  called  the  parallel 
WIRE  micrometer,  consists  of  two  sliding  frames  across  which  the 
parallel  wires  or  threads  o  and  D  are  stretched.  These  frames  are 
both  moved  in  a  direction  perpendicular  to  that  of  the  wires  bj 
screws,  constructed  with  very  fine  threads,  and  called  from  their  use 
MICROMKTEB  SCREWS.     This  frame  is  placed  in  the  focus  of  the 
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objeetglan  of  the  tdcMope,  so  that  the  eye  viewing  the  objects 
nnder  obserratioQ  tees  abo  diBtinctlj  the  parallel  ood  moveable 


Fig.  091. 

irifef.  These  wiles  aie  mored  by  the  sciews  until  they  pass  through 
the  pohita  whoae  distaoor  asander  is  to  be  measnred.  This  being 
seeonplishedy  one  of  them  is  moved  until  it  coincides  with  the 
other,  and  the  number  of  turns  and  parts  of  a  turn  of  the  Ecrcw 
leeessary  to  piroduce  this  motion  gives  the  angular  distance  between 
the  points  under  observation. 

In  this,  as  in  the  case  explained  in  (2307),  it  is  necessary  that 
the  angle  corresponding  to  one  complete  revolution  of  the  pcrcw  be 
peviously  asoertained,  and  this  is  done  by  a  process  precisely  simi- 
lar to  that  explained  in  the  former  case.  An  object  of  known 
angular  magnitude,  as,  for  example,  a  footrule  at  the  distance  of  a 
hundred  yards,  is  observed,  and  the  number  of  turns  necessary 
to  carry  the  wire  from  end  to  end  of  its  image  is  ascertained. 
The  angle  such  a  rule  subtends  at  that  distance  being  divided  by 
the  number  of  turns  and  parts  of  a  turn,  the  quotient  is  the  angle 
forreeponding  to  one  complete  revolution  of  the  screw. 

2310.  Afeamtrement  of  (he  apparent  diameter  of  an  object.  — 
When  an  object  is  not  too  great  to  be  included  in  the  field  of  view 
of  the  telescope,  its  apparent  diameter  (1117)  can  be  measured  by 
sueh  an  apparatus.  To  accomplish  this  the  screws  are  turned  until 
the  wires  c  and  D,^.  691,  are  made  to  touch  opposite  sides  of  the 
disk  of  the  object.  One  of  the  screws  is  then  turned  until  the 
wires  coincide,  and  the  number  of  turns  and  parts  of  a  turn  gives 
the  apparent  magnitude. 


CHAP.  II. 


THE  GENERAL  ROTUNDITT  AND  DIMENSIONS  07  THE  EARTH. 

2311.  The  earth  a  gtatian  from  tchtch  the  universe  is  observed. 
— The  earth  is,  in  various  points  of  view,  an  interesting  object  of 
leientific  investigation.     The  naturalist  regards  it  as  the  habitation 
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of  the  nomeroos  tribes  of  orgaoiied  beiDga  which  are  the  speeul 
Bobject  of  his  observation  and  inquiry,  and  examinee  eoriouly 
those  properties  and  qualities  of  soil,  climate,  and  etmosphere,  by 
which  it  is  fitted  for  their  maintenance  and  propagation,  and  the 
conditions  which  govern  their  distribution  over  its  sarfaoe.  The 
geologist  and  mineralogist  regard  it  as  the  theatre  of  vast  physical 
operations  continued  through  periods  of  time  extending  infinitely 
beyond  the  records  of  human  history,  the  results  of  which  are  seen 
in  the  state  of  its  crust  The  a3tronomer,  rising  above  these  de- 
tails, regards  it  as  a  whole,  examines  its  form,  investigates  its  mo- 
tions, measures  its  magnitude,  and,  above  all,  considers  it  as  thi 
station  from  which  alone  he  can  take  a  survey  of  that  oiiiverM 
which  forms  the  peculiar  object  of  his  study,  and  as  the  only  ae- 
dulus  or  standard  by  which  the  magnitudes  of  all  the  other  bodia 
in  the  universe,  and  the  distances  which  separate  them  horn  ths 
earth  and  from  each  other,  can  be  measured. 

2812.  Neceatarjf  to  ascertain  its/orm^  dimefmotu,  and  moiiimL 
—  But  since  the  apparent  magnitudesi  motions,  and  relaCife  i^ 
rangement  of  surrounding  objects  severally  vary,  not  only  with 
every  change  in  the  position  of  the  station  of  the  observer,  hot 
even  with  every  change  of  position  of  the  observer  on  that  stalioD, 
it  is  most  necessary  to  ascertain  with  all  attainable  aocoracy  the  di- 
mensions of  the  earth,  which  fs  the  station  of  the  aatronoBieil 
observer,  its  form,  and  the  changes  of  position  in  relation  to  ■B^ 
rounding  objects  to  which  it  is  subject. 

2313.  Form  globular,  —  The  first  impression  produced  by  the 
aspect  presented  by  the  surface  of  the  earth  is  that  of  a  vast  indA 
nite  plane  surface,  broken  only  by  the  accidents  of  the  groand  oe 
land,  such  as  hills  and  mountains,  and  by  the  more  mutable  farms 
duo  to  the  agitation  of  the  fluid  mass  on  the  sea.  Even  this  de- 
parture from  the  appearance  of  an  extensive  plane  surface  ceases  on 
the  sea  out  of  sight  of  land  in  a  perfect  calm,  and  on  certain  planes 
of  vast  extent  on  land,  such  as  some  of  the  prairies  of  the  American 
continents. 

This  first  impression  is  soon  shown  to  be  fallacious;  and  it  is 
easily  demonstrated  that  the  immediate  indications  of  the  unaided 
sense  of  vision,  such  as  they  are,  are  loosely  and  incorrectly  inter- 
preted, and  that,  in  fact,  even  that  small  part  of  the  earth's  surface 
which  falls  at  once  within  the  range  of  the  eye  in  a  fixed  position 
docs  not  appear  to  be  a  plane. 

Supposing  that  any  extensive  part  of  the  surface  of  the  earth 
were  really  a  plane,  let  several  stakes  or  posts,  of  equal  height,  be 
erected  along  the  same  straight  line,  and  at  equal  distances,  say  a 
mile  apart.  Let  these  stakes  be  represented  by  8  <,  s'  /,  iT  ^\  &c., 
Jig,  692,  and  let  a  stake  of  equal  height  oo  be  erected  at  the  sti^ 
tion  of  the  observer.     Now,  if  the  surface  were  a  planCi  it  ia  eri- 
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doU  thai  the  points  «,  /,  tP^  &o.  must  appear  to  an  eye  placed  at  o 
in  the  aame  TMoal  Une,  and  would  each  be  Yiaible  Uiroogh  a  tube 


Fig.  992. 

diieeted  at  o  paiallel  to  the  soriace  o  s.  Bat  such  will  not  be  found 
to  be  the  case.  When  the  tnbe  is  directed  to  f,  all  the  sacceeding 
pninta  /,  /',  &e.  will  be  hdow  its  direction.  If  it  be  directed  to  4/, 
the  point  t  will  be  ohove^  and  %*  and  all  the  succeeding  points  will 
be  helow  its  direction.  In  like  manner,  if  it  be  directed  to  d*^  the 
preceding  points  t  and  /  ^ill  be  ahove^  and  the  sacceeding  points 
bdow  its  direction.  .  In  effect  it  will  appear  as  though  each  succeed- 
ing stake  were  a  little  shorter  than  the  preceding  one.  But  as  the 
stakes  are  all  precisely  equal,  it  must  be  inferred  that  the  successive 
points  of  the  surface  s,  8',  8^,  s''',  &c.  are  relatively  lower  than  the 
station  O.  Nor  will  the  effect^  be  explained  by  the  supposition  that 
the  surface  o  s  s'  s'',  &c.,  is  a  descending  but  still  a  plane  surface, 
becanse  in  that  case  the  points  «,  $',  ^',  &c.  must  still  be  in  the  same 
risoal  line  directed  from  o.  It  therefore  follows  that  the  surface  in 
the  direction  O  s'  s"  s'*',  &c.  is  not  plane  but  curved ,  as  represented 
m/ff.  693,  where  the  visual  lines  are  in  obvious  accordance  with 
the  actoal  appearances  as  above  explained. 


Fig.  698. 


Now  since  these  effects  are  found  to  prevail  in  every  directioi 
around  the  point  of  observation  o,  it  follows  that  the  curvature  of 
the  surface  prevails  all  around  that  point;  and  since  the  extent  oj 
the  depresnan  of  the  points  8,  ef,  8!\  &c.  at  equal  distances  from  o, 
are  equal  in  every  direction  around  0,  it  follows  that  the  cunature 
u  in  every  direction  sensibly  uniform  around  that  point. 

But  by  shifting  the  centre  of  observation  o,  and  making  similar 
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observations  elsewbere,  and  on  every  pari  of  iha  aarth  where  soch 
a  process  is  practicable,  not  only  are  like  effects  observed,  but  the 
de<jre4!  of  depression  corresponding  to  equal  distances  from  the  ceo* 
tres  of  observation  is  tbe  same. 

Hence  we  infer  that  tbe  surface  of  the  earth,  as  observed  directfy 
hy  tlie  cyty  is  not  a  plane  surface,  bat  one  everywhere  curved,  and 
that  the  curvature  is  everywhere  uniform,  at  least  that  no  departure 
from  perfect  uniformity  in  its  general  curvature  exists  suffieientlj 
considerable  to  be  discovered  by  this  method. 

But  the  only  form  of  a  solid  body  which  has  a  surface  of  uniform 
curvature  is  a  sphere  or  globe,  and  it  is  therefore  established  that 
such  is  the  form  of  the  earth. 

2314..  This  conclusion  corroborated  hy  circumnavigation.  — If  a 
vessel  sail,  as  far  as  it  is  practicable  to  do  so,  constantly  in  the  same 
direction,  it  will  at  length  return  to  the  port  of  its  departure,  hav- 
ing circumnavigated  the  earth ;  and  durii^  its  course  it  appears  to 
pass  over  an  uniform  surface.  This  is  obviously  what  must  take 
place  so  far  as  regards  that  part  of  the  earth  which  is  covered  with 
water,  supposing  it  to  be  a  globe. 

2315.  Corroborated  hy  lunar  eclipses, — But  the  most  atriking 
and  conclusive  corroboration  of  the  inference  just  made,  and  indeed 
a  phenomenon  which  alone  would  demonstrate  the  form  of  the 
earth,  is  that  which  is  exhibited  in  lunar  eclipses.  These  appear- 
ances, which  are  so  frequently  witnessed,  are  caused  by  the  earth 
coming  between  the  sun  and  the  moon,  so  as  to  cast  its  shadow  upon 
the  latter.  Now  the  form  of  that  shadow  is  always  precisely  that 
which  one  globe  vjould  project  upon  another.  The  phenomenon 
thus  at  onc«  establishes  not  only  the  globular  form  of  the  earth, 
but  that  of  the  moon  also. 

2316.  Variovs  effects  indicating  the  earth's  rotundity. — The 
rotundity  of  the  earth  being  once  admitted,  a  multitude  of  its  eon- 
sequences  and  effects  present  themselves,  which  supply  corroborative 
evidence  of  that  important  proposition. 

When  a  ship  soils  from  the  observer,  the  first  part  which  should 
cease  to  be  visible,  if  the  earth  was  a  plane,  would  be  the  rod  of 
the  top-mast,  having  the  smallest  dimensions,  and  the  last  the  hull 
and  sails,  being  the  greatest  in  magnitude ;  —  but,  in  fact,  the  verj 
reverse  takes  place.  The  hull  first  disappears,  then  the  sails,  and 
in  fine  the  top-mast  alone  is  visible  by  a  telescope,  appearing  like  a 
pole  planted  in  the  water.  This  becomes  gradually  shorter,  ap- 
pearing to  sink  in  the  water  as  the  vessel  recedes  from  the  eye. 

These  appearances  are  the  obvious  consequences  of  tbe  gradual 
interposition  of  the  convexity  of  the  part  of  the  earth's  surface  over 
which  the  vessel  has  passed,  and  will  be  readily  comprehended  by 
the  Jig.  694. 


i- 
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If  the  obsenrer  take  a  more  elevated  poeition,  the  same  succession 
of  pheoomena  will  be  preseoted,  odIj  greater  ilistances  will  be 


Fig.  094. 
Meeaeary  to  prodace  the  same  degree  of  apparent  sinking  of  the 

TUBCl. 

Land  is  yiaible  from  the  top-mast  in  approaching  the  shore,  when 
it  cannot  be  seen  from  the  deck. 

The  top  of  the  peak  of  Teneriffe  can  be  seen  from  a  distance  when 
the  base  of  the  monntain  is  invisible. 

The  sun  shines  on  the  summits  of  the  Alps  long  after  sunset  in 
the  vallejs. 

An  aeronaut  ascending  after  sunset  has  witnessed  the  sun  to  re- 
appear with  all  the  effects  of  sunrise.  On  descending,  he  witnessed 
a  aecond  sunset 

2317.  Dimeniicns  of  (he  earth.  —  Method  of  measuring  a  de- 
^rte.  —  Having  thus  ascertained  that  the  form  of  the  earth  is  a 
rlobe,  it  now  remains  to  discover  its  magnitude,  or  what  is  the  same, 
Its  diameter. 

For  this  purpose  it  will  be  necessary  first  to  ascertain  the  actual 
length  of  a  degree  upoh  its  surface,  that  is,  the  distance  between 
two  points  on  the  surface,  so  placed  that  the  lines  drawn  from  them 
to  the  eentre  shall  make  with  each  other  an  angle  of  one  degree. 

Let  p  and  p'^  fig,  695,  represent  two  places  upon  the  earth's 
sarfiMse,  distant  from  each  other  from  60  to  100  miles,  and  let  c  be  the 
eentre  of  the  earth.  Now,  let  us  suppose  that  two  observers  at  the 
places  p  and  p'  observe  two  stars  s  and  «^,  which  at  the  same  time 
are  vertioally  over  the  two  places,  and  to  which,  therefore,  plumb- 
lines  soapended  at  the  two  piaoes  would  be  directed.  The  direction 
of  these  plumb-lines,  if  continued  downwards,  would  intersect  at  c, 
the  eentre  of  the  earth. 

The  visual  angle  under  the  directions  of  these  stars  <  and  s'  at  p' 
]m9j/ d^  and  at  C  is  jo/.  But,  owing  to  the  insignificant  proportion 
which  the  diatanees  pf/  and  pc  bear  to  the  distances  of  the  stars 
(as  will  be  made  evident  hereafter),  the  visual  angle  of  the  stars, 
whether  seen  from  p  or  c,  will  be  the  same.     If,  then,  this  visual 


••  ttuv  centre  o  an  angle  of  1^,  we 
a  :  3600  ::J>:d=i>, 

since  the  number  of  seconds  in  i 
(2292). 

2318.  Length  of  a  degree.  —  L 
been  ascertained  that  the  lensth  o 
earth's  sur&ce  is  a  little  less  than  7 
miles,  and  may  be  expressed  in  feet 
bers)  by  865,000. 

It  will  therefore  be  easy  to  ren 
length  of  a  degree  is  as  many  thoosa 
are  days  in  the  year. 

2319.  Length  of  a  second  of  the 
a  second  is  the  3600th  part  of  a  dc 
also  that  the  length  of  a  second  is  a 
very  nearly,  a  measure  also  easily  ren 

2820.  Change  of  direction  of  tK 
patting  over  a  given  direction,  —  ] 
just  been  explained  it  will  be  unden 
a  plumb-line  always  points  to  the  oei 
(when  its  direction  is  undisturbed  by 
tion),  its  change  of  direction,  in  passii 
Fig.  095.  plaoe  to  any  other,  may  be  always  foi 
1"  for  evprv  !»•*-->-'• 
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If  the  diaUnce  a  be  one  degreei  this  will  become  — 

866000      ^^^^^^       ^^  ^^^  ^^^ 
r  =  -gggQ-  X  206266  =  20,912,979, 

or  Tery  nearlj  21  million  feet,  which  is  equal  to  8960  statute  miles. 
So  that  the  diameter  of  the  earth  would  be  7920  miles,  or  in  round 
nnmbers  (for  we  are  not  here  pretending  to  extreme  arithmetical 
precision)  8000  miles. 

The  process  of  observation  aboye  explained  is  not  in  it3  details 
exactly  that  by  which  the  magnitude  of  the  earth  is  ascertained, 
bat  it  is  in  spirit  and  principle  the  method  of  observation  and  cal- 
eolation.  It  would  not  be  easy  to  find,  for  example,  any  two  suffi- 
ciently  obeenrable  stars  which  at  one  and  the  same  moment  would 
be  vertically  over  the  two  places  p  and  p',  but  any  two  stars  nearly 
over  them  would  equally  answer  the  purpose  by  observing  the  extent 
of  their  departure  from  the  vertical  direction.  Neither  is  it  ncces- 
nry  that  Uie  two  observations  should  exactly  coincide  as  to  time ; 
but  these  details  do  not  affect  the  principle  of  the  method,  and  will 
be  more  clearly  intelligible  as  the  student  advances. 

2322.  Superficial  inequalities  of  the  earth  relatively  ivmjniji- 
eamU  ^-  It  is  by  comparison  alone  that  we  can  acquire  any  clear  or 
definite  notions  of  distances  and  magnitudes  which  do  not  como 
under  the  immediate  cognizance  of  the  senses.  If  we  desire  to 
acquire  a  notion  of  a  vast  distance  over  which  we  cannot  pass,  we 
compare  it  with  one  in  which  we  have  immediate  and  actual  ac- 
qoaintance,  soch  as  a  foot,  a  yard,  or  a  mile.  And  since  the  area 
or  snperficial  extent  of  surfaces  and  the  volume  or  bulk  of  solids 
are  respectively  determined  by  the  length  of  their  linear  dimen- 
noDSy  the  same  expedient  suffices  to  acquire  notions  of  them.  In 
Aftvooomy,  having  to  deal  with  magnitudes  exceeding  in  enormous 
proportions  those  of  all  objects,  even  the  most  stupendous,  which 
are  ao  approachable  as  to  afford  means  of  direct  sensible  observa- 
lioQi  we  are  ineeasantly  obliged  to  have  recourse  to  such  comparisons 
in  order  to  give  some  degree  of  clearness  to  our  ideas,  since  without 
them  onr  knowledge  would  become  a  mere  assemblage  of  words, 
nnmberSy  and  geometrical  diagrams. 

Let  us,  then,  consider  the  dimensions  and  form  of  the  earth,  as 
they  have  been  asoertained  in  the  preoeding  paragraphs. 

nhen  it  is  stated  that  the  earth  is  a  globe,  the  first  objection 
which  will  be  raised  by  the  uninformed  student  is  that  the  conti- 
nents, islands,  and  tracts  of  land  with  which  it  is  covered  arc 
marked  by  considerable  inequalities  of  level;  that  mountains  rise 
into  ridgea  and  peaks  of  vast  height;  that  the  seas  and  oceans, 
though  level  at  their  sur&oe  in  a  certain  general  sense,  are  agitated 
by  great  waves,  and  alternately  swelled  and  depressed  by  tides,  and 
that  the  solid  bottom  of  them  is  known  to  be  subject  to  inequalities 
III.  10 
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analogous  in  character,  and  not  less  in  dcptli  tban  tbose  vhieh  pre- 
vail on  the  land.  Since,  then,  it  is  the  characteristio  property  of  a 
globe  that  all  points  on  its  surface  arc  equally  distant  from  its  centre, 
how,  it  may  be  demanded,  can  a  mass  of  matter,  so  aneqoal  in  its 
surface  as  the  earth  is,  be  a  globe  f 

It  may  be  conceded  at  once,  in  reply  to  this  objection,  tbat  the 
earth  is  not,  in  the  strict  geometric  sense  of  the  term,  a  slobe.  Bui 
let  us  consider  the  extent  of  its  departure  from  the  globular  fism, 
80  far  as  relates  to  the  superficial  inequalities  just  adverted  to. 

The  most  lofty  mountain  peaks  do  not  exceed  five  milei  in  hd^i 
Few,  indeed,  approach  that  limit.  Most  of  the  considerable  rnooD- 
tainous  districts  are  limited  to  less  than  half  that  Leiglit  No  ooa- 
siderable  tract  of  land  has  a  general  elevation  even  of  one  mile. 
The  deepest  parts  of  the  sea  have  not  been  sounded ;  but  it  is  cer- 
tain that  their  depth  does  not  exceed  the  heights  of  the  moat  loftj 
mountains,  and  the  general  depth  is  incomparably  less.  The  mx^ 
ficial  inequalities  of  the  aqueous  surface  produced  by  waves  and 
tides  are  comparatively  insignificant 

Now,  let  us  consider  how  these  several  superficial  inequalities 
would  be  represented,  observing  a  due  proportion  of  scale,  even 
on  the  most  stupendous  model. 

Construct  a  globe  20  feet  in  diameter,  as  a  model  of  the  eaith. 
Since  20  feet  represents  8000  miles,  1400th  part  of  a  foot,  or 
8-1 00th  parts  of  an  inch,  rjpresents  a  mile.  The  height,  therefore, 
of  the  most  lofty  mountain  peak,  and  the  greatest  depth  of  the  ocean, 
would  be  represented  by  a  protuberance  or  a  hole  having  no  greater 
elevation  or  depth  than  l«5-100tlis,  or  about  the  seventh  part  of  an 
inch.  The  general  elevation  of  a  continent  would  be  fairiy  repre- 
sented by  a  leaf  of  paper  pasted  upon  the  surface,  having  the  thiokncfie 
of  less  than  the  fiftieth  of  an  inch ;  and  a  depression  of  little  greater 
amount  would  express  the  depth  of  the  general  bed  of  the  aea. 

It  will  therefore  be  apparent,  that  the  departure  of  such  a  model 
from  the  true  form  of  a  globe  would  be  in  all,  save  a  strictly  geomet- 
rical sense,  absolutely  insignificant. 

2323.  Relative  dimeimoiis  of  the  atmosphere, — The  snrfaoe  of 
the  earth  is  covered  by  an  ocean  of  air,  which  floats  upon  it  aa  the 
waters  of  the  seas  rest  upon  their  solid  bed.  The  density  of  this 
fluid  is  greatest  in  the  stratum  which  is  in  immediate  contact  with 
the  surface  of  the  land  and  water  of  the  earth,  and  it  diminishes  in 
a  very  rapid  ratio  in  ascending,  so  that  one  half  of  the  entire  atmo- 
sphere is  included  in  the  strata  whose  height  is  within  3}  miles  of 
the  surface.  At  an  altitude  of  80  miles,  or  the  hundredth  part  of 
the  earth's  diameter,  the  rarefaction  must  be  so  extreme,  that  neither 
animal  life  nor  combustion  could  be  maintained. 

The  atmosphere,  being  then  limited  to  such  a  height,  would  be 
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repreiented  on  the  model  above  described  by  a  stratum  two  inches 
and  a  half  thick. 

2324.  Jf  the  earfh  moved,  how  could  its  motion  be  perceived  ? — 
Haviog  thus  ascertained,  in  a  rough  way,  the  form  and  dimeDsions 
of  the  earth,  let  na  consider  the  question  of  its  rest  or  mobility. 

Nothing  IS  more  repugnant  to  the  first  impressions  received  from 
the  aspect  of  the  surface  of  the  earth,  and  all  upon  it,  than  the  idea 
that  it  is  in  motion.  But  if  this  universal  impression  be  traced  to 
its  origin,  and  rightly  interpreted,  it  will  not  be  found  erroneous, 
and  wul  form  no  exception  to  the  general  maxim  which  induces  all 
penoDfly  not  even  excepting  philosophers,  to  regard  without  disrespect 
BOtiona  which  have  obtained  universal  popular  acceptation. 

What  ia  the  stability  and  repose  ascribed  by  the  popular  judgment 
to  the  earth  7  Repose  certainly  absolute,  so  far  as  regards  all  objects 
of  vulgar  or  popular  contemplation.  It  is  maintained,  and  maintained 
truly,  that  every  thing  upon  the  earth,  so  far  as  the  agency  of  ex- 
ternal cauaes  ia  concerned,  is  at  relative  rest  Hills,  mountains, 
and  valleys,  oceans,  seas,  and  rivers,  a?  well  as  all  artificial  structures, 
are  in  relative  repose;  and  if  our  observation  did  not  extend  to 
objects  exterior  to  the  globe,  the  popular  maxim  would  be  indispu- 
table. But  the  astronomer  contemplates  objects  which  either  escape 
the  attention  of,  or  are  imperfectly  known  to,  mankind  in  general ; 
and  the  phenomena  which  attend  these  render  it  manifest,  that  while 
the  earth,  in  relation  to  all  objects  upon  it  and  forming  part  of  it,  is 
at  rest,  it  is  in  motion  with  relation  to  all  the  other  bodies  of  the 
universe. 

The  motion  of  objects  external  to  the  observer  is  perceived  by  the 
sense  of  sight  only,  and  is  manifested  by  the  relative  displacement 
it  pToducea  among  the  objects  afli^cted  by  it,  with  relation  to  objects 
around  them  which  are  not  in  motion,  and  with  relation  to  each 
other.  Motions  in  which  the  person  of  the  observer  participates 
may  affect  the  senses  both  of  feeling  and  sight.  The  feeling  is 
affected  by  the  agitation  to  which  the  bmly  of  the  observer  is  exposed. 
Thus,  in  a  carriage  which  starts  or  stops,  or  suddenly  increases  or 
slackens  its  speed,  the  matter  composing  the  person  of  the  observer 
haa  a  tendency  to  retain  the  motion  which  it  had  previous  to  the 
change,  and  is  accordingly  affected  with  a  certain  force,  as  if  it  were 
pushed  or  drawn  from  rest  in  one  direction  or  the  other.  But  once 
in  a  state  of  uniform  motion,  the  sense  of  feeling  is  only  affected  by 
the  agitation  proceeding  from  the  inequalities  of  the  road.  If  these 
inequalities  are  totally  removed,  as  they  are  in  a  boat  drawn  at  a 
uniform  rate  on  a  canal,  the  sense  of  feeling  no  longer  affords  any 
evidence  whatever  of  the  motion. 

A  remarkable  example  of  the  absence  of  all  consciousness  of 
motion,  so  far  as  mere  feeling  is  concerned,  is  presented  to  all  who 
have  ascended  in  a  balloon.     As  the  aerial  vehicle  floats  with  the 
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fltntam  of  tbe  air  Iq  which  it  is  suspended,  tiie  fbeling  of  die  mrk 
naot  is  that  of  the  most  absolute  repose.  The  balloon  seems  as  filed 
and  immoveable  as  the  solid  globe  itself,  and  nothing  oonld  prodnoe 
in  the  yojager,  blindfolded,  any  consoiousncsa  whateTer  of  motioa. 
When  however  his  eyes,  onbandaged,  are  turned  downwards,  he  sees 
the  vast  diorama  below  moving  under  him.  fields  and  woods,  vil- 
lages and  towns,  pass  in  snccession,  and  the  phenomena  are  socb  ai 
to  impress  on  the  e}'e,  and  through  the  eye  upon  the  mind,  the  ooa- 
viction  that  the  balloon  is  stationary,  and  the  earth  raorhig  nnderii 
A  certain  effort  of  the  understanding,  slight,  it  is  trae,  but  ilill  n 
effort,  is  required  to  arrive  at  the  inference  that  the  iraprsMioB  ikm 
produced  on  the  sense  of  vision  is  an  illusion,  that  the  motioa  with 
which  the  landscape  seems  to  be  affected  is  one  whieh  in  lealitj 
affects  the  balloon  in  which  the  spectator  is  suspended^  and  thai  this 
motion  is  equal  in  speed,  and  contrary  in  direction,  to  that  wfaiok 
appears  to  afiect  the  subjacent  eountry. 

Now  it  will  be  evident,  that  if  the  globe  of  the  earth,  and  ill 
upon  it,  were  floating  in  space,  and  moving  in  any  direction  al  aij 
uniform  rate,  no  consciousness  of  snch  motion  could  affeot  any  soh 
sitive  being  upon  it  All  objects  partaking  in  common  in  imh 
motion,  no  more  derangement  among  them  would  ensue  than  among 
the  persons  and  objects  transported  m  tbe  car  of  the  balloon,  when 
the  aeronaut,  no  matter  what  be  the  speed  of  the  motion,  can  fill  a 
fflass  to  the  brim  as  easily  as  if  he  were  upon  the  solid  groond. 
Supposing,  then,  that  the  earth  were  affected  by  any  motion  in  irfiich 
all  objects  upon  it,  including  the  waters  of  the  ocean,  the  atnu^- 
sphere,  and  clouds,  would  all  participate,  would  the  existence  of  sodi 
a  motion  be  perceived  by  a  spectator  placed  upon  the  earth  who 
would  himself  partake  of  it  ?  It  is  clear  that  he  must  remain  for 
ever  unconscious  of  it,  unless  he  could  find  within  the  range  of  fail 
vision  some  objects  which,  not  partaking  of  the  motion,  would 
appear  to  have  a  motion  contrary  to  that  which  the  observer  hat  in 
common  with  the  earth. 

But  such  objects  are  only  to  be  looked  for  in  the  regions  of  apaea 
beyond  the  limits  of  the  atmosphere.  We  find  them  in  fine  in  the 
sun,  the  moon,  the  stars,  and  all  the  objects  which  the  firmament 
presents.  Whatever  motion  the  earth  may  have,  will  impart  to  all 
these  distant  objects  the  appearance  of  a  motion  in  the  oontraiy 
direction. 

But  how,  it  may  be  asked,  is  the  apparent  motion  prodnoed  n 
distant  objects  by  a  real  motion  of  the  station  in  which  the  obaerrar 
is  placed,  to  be  dintinguishod  from  the  real  motion  of  the  distant 
objects  themselves,  which  would  give  them  the  same  apparent 
motion?  Since  the  phctSomena  are  absolutely  identified,  whether 
the  apparent  motion  observed  is  produced  by  a  real  motion  in  the 
observer,  or  a  real  motion  in  the  object  observed,  it  la  neoanaiy  lo 
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utek  for  evidence ;  either  thai  the  objure  rhxi  re  i  maarx  Lit»  -lza 

real  motion  which  would  prodnc*  the  ri«csec.i-  .r  iza::  -ia  i'lr^-.r. 
of  the  obsen-er  has  it.  But  bcf.re  iZi^xz'z  ii  ">i-5  Ta!«::»-:»:_  .'  .- 
necessary,  jinU,  to  obtain  a  clear  and  d*iiJ.'<e  k'-vwleirfr  :if  -wiat.  -.h 
appoKnt  motion  in  qnestion  is;  yfffjnd''^.  t!:.u  2«  Sbt  na.  2-  r 
of  the  earth  which  coald  prod  ace  ;::  &ci  v^>:"^.  via.'  ▼'.1  :  - 
the  real  motion,  or  motion*,  of  the  olj-Ecu  x«i&7Tsd.  vixa  ir .  -.. : 
pm-lace  the  same  phenomena. 

'IZ'lb.  Parallax.  —  Since  rae  »rTJir?i:  z'.wt  :-f  a  ilsiz.*  :\  - ' 
depends  on  the  directi'in  of  i^-e  \>-:iI  lii*  :n»^  fr:»=.  -..ii*  ;•:<--—-- 
to  such  object,  and  since  whi!*  :":.*  '.v'r:^  r*  — 1 1-  •''Ar*!:'L-L-7  .* 
direction  of  this  visual  line  b  cLaiz^rd  wi:i  ^'^rj  -.-.Aix*  .(f  ^.^.■.  1 
of  the  observer,  such  chsnze  of  f:-?;r;-':  »rrl^.»s  i*K>i:iaflrlT  l  .  - 
placement  in  the  apparent  p^«::'.t:  :f  :i*  :r;^:-r. 

This  apparent  dispIaoemeLt  cf  ai.7  •.":.^t-r:  i^.r:  v.  1.  d-rx:  •■»    : . ; 
to  the  change  of  position  of  the  ol-scr.-ir.  U  -a.-^*:  ?.»2..i 


It  fallows  that  a  distant  obiec:  *«*z.  it  :w-^  .>#r:rr»  t:  1-5-— -• 
places  on  the  earth  ii  £een  in  dif^*^-:  d'-vi'-ici.  »«.  "-ji:    ■?  i-'> 
rent  place  in  the  finnan;*rii:  wi.l  :.*   il^crri-     I:  t-  .  :  :i^,--     •' 
follow,  that  the  a?ricci  of  th*  htnvr^i  ▼:-. :'irr  r.-z.  *--. ^  ■  . . ' . 
of  position  of  the  observ-cr  cs  ::.*  ^^ri.;--*.  t*  ".'  r*-!.-.-*  :■  - 
of  objects  on  land  which  are  -'.i::  :i.--!7.  :ii".r^-  vii-  -.,»-»*?-.  -• 
the  deck  of  a  ves«el  wLiorh  aa!">  '.r  --v^r.*  t  .r^  •-.>  ••".-..*-. 
M  happenii,  as  will  apjiiear  \.*ij>\z--.z.  ::.i.*  r-^.".  -.^  t-r*ri-«-  :  f -•-  ■ 
of  po:<icinn  which  can  eii*:  Y'-A'^rrr.  .r-w:r^r*»  --  " -.  si.-i  »  ■ .-". 
is  so  small  compartd  cvrrj  w>.:.  ':.'  T'.-r^i:  *.••:  -■»  v.  *.,*  »r»-'. 
the  apparent  dispiacemer.!.  '.r  pa'-sal:. tjc.  'i-.-  :-•:.-:    •   •-• 
(mall:  while  for  the  a-:--*,  r.-sirr."::*  -.:'  •.-     •■  .       \-  v.  •-. ^   ■  i-- 
it  is  absolualv  inatr.re'.:-',!e  lt  :i.-:  i. -:  :-.i-.i-  !----_•    A  ■•.-■•  , 
tion  and  measurement. 

Small  as  it  i-..  L'^«w<5:Ter.  --■  :V  i^  r.!-.--*  *•.  *-.*.  -*;it=-  vc  .*;    -    • 
universe,  it  is  capable  of  d-.-i-iv:  :r.=:ri.i:-:^«^--v  i-  .  .-.*  i-.v. •.■ 
each  of  them  suprli*.-*  cr-e    :  :ii  is:*  i;.  x  ■..--,  --. i  •  -. >-a'.    .    i* 
calcnhtc-d. 

iioiO.    AlTi^t-m'f  ar>'f    •--.•••'''  .       —  .''  *  - 

«  *  ■  ■ 

rn/Ztfj-.  —  Wii'i-n   an  '-J-?-    :-  -cl  .     -  .    .   i  -      "   '.  -  .- 

would  cau«e  a  "-(-l *•!'.•!*  'i.-:.i    -. ■•    •••  .     :   r    - 

viewed  fr  ni  diiT-r^rit  i-:--    •*  :•.•:  -■.---.'•   •  .-..        ■    .  -  ^  • 
in  re?i«t<.riiij  i-s  arv:r*.-'.r  p  •>..'.  »•..-,;■      -       ■    ;.  - 
fixed  stall'  li  :r  su  w: : .l  :•  :-  •-::'•  :  v     ►:     v-  r     .       '.    ■.  - 
ielectt^i  Lv  3;?r  r.' :.vr=  :  r  :;-.-  '.••--    •  v.*  --.-•-.  •.:'     ■ 
The  direct  I'Ti  i:i  whi'.::  \r,  •  -    ..;    -..  k^.-.  ,     ■  .  v^.     • 

ctn:re  I'f  tLe  eartr.  i*  c-.ic-;  :>  7-. '  .•.   : :.   ■  '      V-      .  - 
which  i:  is   ^:  r.i  f:-.a  1:7  r.i-    .:    ..->rfc.  -.     ^  -^^   ■.     . 
called  its  Ar'rAKKNr  i:.Arfc,*Ti  •-:  irv-.-r^:  ':>_:-i -?:--. t- •  *- 
wooid  be  produced  bv  the  tri'>i*r  'f  -.L*  '.c-«tt*t  f-.«i  ii>.    v.-. 
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to  tiia  BQiftee  or  vice  ifenA,  or,  what  is  the  laiiia,  the  difloRMe 
between  the  tmo  and  apparent  phicea,  is  called  the  DnnuriL 

PARALLAX. 

In  Jig.  696,  let  o  represent  the  oentri  of  the  earth|  p  a  plaee  of 
obeenratioii  on  ita  aarfaoe,  o  an  object  aeen  in  the  lenith  of  P,  o' 


Fig.  6V6. 

the  same  object  seen  at  the  zenith  distance  o  P  o^,  and  </'  the 
object  seen  in  the  horizon. 

It  is  evident  that  o  will  appear  in  the  same  direction,  whether  it 
be  viewed  from  P  or  c.  Hence  it  follows  that  in  the  lenith  tbmt 
is  no  dinmal  panillax,  and  that  there  the  apparent  place  of  m  ob- 
ject is  its  true  place. 

But  if  the  object  be  at  o\  then  the  apparent  direction  ia  P  o', 
while  the  true  direction  is  c  u',  and  the  apparent  place  of  the  object 
will  be  a',  while  its  true  place  will  be  if ;  and  the  dinmal  pftntllfF 
corresponding  to  the  zenith  distance  o  P  o'  will  be  ^  a',  or  the  angle 
f  O*  a!\  which  is  equal  to  p  o'  c. 

As  the  object  is  more  remote  from  the  zenith  the  parallax  ii  ang- 
mented,  because  the  semidiaiiieter  c  p  of  the  earth,  whiok  paaes 
through  the  place  of  observation,  is  more  and  more  nearly  at  right 
angles  to  the  directions  c  o'  and  p  o'. 

2327.  Horizontal  parallax,  —  When  the  object  is  in  the  horiiODt 
•■  at  o",  the  dittmfli  parallax  becomes  greatest,  and  is  oalled  the 
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HOUBONTAL  PARALLAX.    It  u  the  aBgle  P  o"  0  whioh  the  semi- 
dkmeter  of  the  eurth  Bobiendfi  at  the  object 

If  z  ezpresB  the  leoith  distanoe,  or  the  aogle  p  o  o',  a  line  o  n 
drawn  from  o  at  right  anglea  to  P (/ »  will  be  ezpreaaed  hj  z  xr  x 
■in.  %y  r  beiBff  the  aemiduuneter  o  p  of  the  earth.  If  d  express  the 
distanoe  of  the  object  o',  and  w  the  parallactio  angle  P  o'  c,  which 
is  always  Tery  mudli  we  shall  have,  by  the  principle  explained  in 
(2294): 

iT  =  206265"  X  sin.  z  X  — , 

the  parallax  being  expressed  in  seconds. 

If  the  object  be  in  the  horixon  as  at  of',  we  shall  ha?e  z  —  90°, 
and  therefore 

-''  =  206265"  X—. 

2328.    Given  the  horuxmial  parallax  and  the  earlKt  semidi- 

nmeteTy  to  compute  theditiance  of  the  object, — It  is  evident  that^  this 

important  problem  can  be  solved  by  the  preceding  formolse )  for  we 

hare  (2297) 

206266 
D= Tij—  ><^- 


CHAP.  III. 

APPARKNT   FORM   AND   MOTION   OF  THE  FIRMAMENT. 

2S29.  Anpect  of  the  Jirmametit. — If  we  examine  the  heavens 
with  attention  on  clear  starliglit  nights,  we  shall  soon  be  struck  with 
the  fiusty  that  the  brilliant  objects  scattered  over  them  in  such  incal- 
culable nombers  maintain  constantly  the  same  relative  position  and 
arrangement.  Every  eye  is  familiar  with  certain  groups  of  stars 
called  constellations.  These  are  never  observed  to  change  their 
idatrre  position.  A  diagram  representing  them  now  would  equally 
leprteent  them  at  any  future  time ;  and  if  a  general  map  be  made, 
showing  the  relative  arrangement  of  these  bodies  on  any  night,  the 
Mme  map  will  represent  them  with  equal  exactness  and  fidelity  on- 
any  other  night  There  are  a  few,  —  some  thirty  or  forty  or  sf>,  — 
among  many  thousands,  which  are  exceptions  to  this,  with  which, 
however,  for  the  present  we  need  not  concern  ourselves. 

2380.  The  celaHal  hemupherc.  —  The  impression  producc<i  upon 
the  sight  by  these  objects  is  that  they  are  at  a  vast  distance,  but  all 
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ftt  the  flame  distance.  Tl|ey  seem  as  though  they  were  attedied  in 
fixed  and  unalterable  positions  upon  the  surface  of  a  vast  hemi- 
sphere, of  which  the  place  of  the  observer  is  the  oeutre.  Setting 
aside  the  accidental  inequalities  of  the  ground,  the  obaerver  seeiu 
to  stand  in  the  centre  of  a  vast  circular  plane,  which  is  the  base  of 
this  celestial  hemisphere. 

2881.  Horizon  and  zenith,  —  This  plane,  extended  indefinitelr 
around  the  observer,  meets  the  celestial  hemisphere  in  a  circle  wbiea 
IS  called  the  Horizon,  from  the  Greek  word  upc^fcy  ^horizein),  to 
terminate  or  hound ^  being  the  boundary  or  limit  of  the  Tisible 
heavens. 

The  centre  point  of  the  visible  hemisphere — that  point  which  b 
perpendicularly  above  the  observer,  and  to  which  a  plamb>line  soi' 
pended  at  rest  would  be  directed  —  is  called  the  Zenith. 

2382.  Apparent  rotation  of  the  firmament,  —  A  few  hours'  at- 
tentive contemplation  of  the  firmament  at  night  will  enable  loj 
common  observer  to  perceive,  that'  although  the.  stars  are,  relativelj 
to  each  other,  fixed,  the  hemisphere,  as  d  wlioUj  is  in  motios. 
Looking  at  the  zenith,  constellation  after  constellation  will  appear 
to  pass  across  it,  having  risen  in  an  oblique  direction  from  the  hori- 
zon at  one  side,  and,  after  passing  the  zenith,  descending  on  tbe 
other  side  to  the  horizon,  in  a  direction  similarly  oblique.  Still 
more  careful  and  longer  continued  observation,  and  a  comparison,  ao 
far  as  can  be  made  by  the  eye,  of  the  different  directions  sucoet- 
sively  assumed  by  the  same  object,  creates  a  suspicion,  which  eveiy 
additional  observation  strengthens,  that  the  celestial  vault  has  a 
motion  of  slow  and  uniform  rotation  round  a  certain  diameter  as  an 
axis,  carrying  with  it  all  the  objects  visible  upon  it,  without  in  the 
least  deranging  their  relative  positions  or  disturbing  their  arrange- 
ment. 

Such  an  impression,  if  well  founded,  would  involve,  as  a  necea* 
sary  consequence,  that  a  certain  point  in  the  heavens,  placed  at  the 
extremity  of  the  axis  of  its  rotation,  would  be  fixed,  and  that  all 
other  points  would  appear  to  be  carried  around  it  in  cii-cles;  each 
such  point  preserving  therefore,  constantly,  the  same  distance  from 
the  point  thus  fixed. 

2833.  The  prjle  star.  —  To  verify  this  inference,  we  must  look 
for  a  star  which  is  not  affected  by  the  apparent  rotation  of  the 
heavens,  which  affects  more  or  less  every  other  star. 

Such  a  star  is  accordingly  found,  which  is  always  seen  in  the 
same  direction,  —  so  far  at  Ica^t  as  the  eye,  unaided  by  more  aeeo- 
rate  means  of  observation,  can  determine. 

The  place  of  this  star  is  called  the  Pole,  and  the  star  is  called 
the  Pole  Star. 
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2334.  Rtdatum.  proved  by  inalrumenfal  ob$ervation,  —  Mere 
visuftl  ob?>ervaUon,  however,  can  at  most  only  supply  grounds  for 
probable  coDJecture,  either  aa  to  the  rotation  of  the  sphere,  or  the 
pcdiiioQ  of  its  pole,  if  sach  rotation  take  place.  To  verify  this  con  • 
jf.>cture,  to  determine  with  certainty  whether  the  motion  of  the 
^pbe^e  be  one  of  rotation,  and  if  so,  to  ascertain  with  precision  the 
direction  of  the  axis  roand  which  this  rotation  takes  place,  its  velo- 
city, and,  in  fine,  whether  it  be  uniform  or  variable,  —  are  problems 
cif  the  highest  importance,  but  which  are  altogether  beyond  the 
powers  of  mere  visual  observation,  unaided  by  instruments  of  pre- 
cision. 

2335.  Exact  ffirecdon  of  the  axis  and  position  of  the  pole.  — 
Suppose  a  telescope  of  low  magnifying  power,  supplied  with  nncro- 
metric  wires  (2302),  to  be  directed  to  the  pole  star,  so  that  the  star 
nay  be  seen  exactly  upon  the  intersection  of  the  mfddic  wires.  If 
this  star  were  precisely  at  the  extremity  of  the  axis  of  the  bcmi- 
tphere,  or  at  the  pole,  it  would  remain  permanently  at  the  intersec- 
tion of  the  wires,  notwithstanding  the  rotation  of  the  firmament. 
Soeh  is  not,  however,  found  to  be  the  ca.«c.  The  star  will  appear  to 
move;  bat,  if  the  magnifying  power  of  the  telescope  be  low  enough, 
it  vill  not  l<»ive  the  field  of  view.  It  will  appear  to  move  in  a  small 
circle,  the  diameter  of  which  is  about  three  degrees.  The  telescope 
maj  be  so  adjusted  that  the  star  will  move  in  a  circle  round  the  in- 
tersection of  the  middle  wires  as  a  centre;  and  in  that  case  the 
pomt  marked  by  the  intersection  of  the  middle  wires  is  the  true 
position  of  the  Pole,  round  which  the  pole  star  is  carried  in  a  circle, 
at  the  distance  of  about  1}^,  by  the  rotation  of  the  sphere. 

2336.  Equatorial  ivatrument  —  The  exact  direction  of  the  axis 
of  the  celestial  sphere  being  thus  ascertained,  it  is  possible  to  con- 
stmet  an  apparatus  which  shall  be  capable  of  revolving  upon  a  fixed 
axis,  the  direction  of  which  shall  coincide  with  that  of  the  sphere ; 
10  that  if  a  telescope  were  fixed  in  the  direction  of  this  axis,  its  line 
of  coUimation  (2303)  would  exactly  point  to  the  celestial  pole. 

Upon  this  axis,  thus  directed  and  fixed,  suppose  a  telescope  to  be 
10  mounted  that  it  may  be  placed  with  its  line  of  collimation  at  any 
deJhvd  angle  with  the  axis,  and  let  a  properly  graduated  arc  be  pro- 
vided, by  which  the  magnitude  of  this  angle  may  be  measured  with 
all  practical  precision. 

Thus,  let  A  a',  fig.  697,  represent  the  direction  of  the  axis  on 
which  the  instrament  b  made  to  revolve.  The  line  A  a',  if  con- 
tinood  to  the  firmament,  would  pass  through  the  pole  p.  Let  c  o 
represent  the  line  of  collimation  of  a  telescope,  so  attached  to  the 
axis  at  c  that  it  may  be  placed  at  any  desired  anglo  with  it ;  which 
nay  be  accomplished  by  placing  a  joint  at  o  on  which  the  telescope 
can  torn.  Let  n  o  n'  be  a  graduated  arc,  to  which  the  telescope  is 
attached  at  o,  and  which  tana  with  the  teleaoope  ronnd  t\ie  ax\B 
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cHeeted  u  Te]mMiitMl  in  fig.  698,  u  pven  by  the  Artronomer 
Bml,  in  hia  tectana  delitmd  at  tho  Ipiwieh  Miuenm. 

the  hMtraBent  ia  supported  ii{khi  pToto,  so  that  its  czia  a'  b' 
Ul  eoiseide  exactly  with  the  diKetion  of  the  oelestial  axia.    The 


Fig.  SM. 

leleaeope  c  D  taroa  apoD  a  joiot  at  the  centre,  so  that  difTcrent  Hi- 
Rdkms,  BDch  aa  c*  [/,  c"  if',  may  be  given  U>  it.  The  inotioD  upon 
ia  axis  ia  imparted  to  it  by  wheeUwork  BLR,  impelled  by  clocli- 
work,  as  already  mentioned. 

3337.  Rotalioa  of  firmament  proned  6y  equaloriaJ.  —  Now,  to 
esUbliab,  by  tDeuna  of  tbia  inBtrument,  tho  taut  that  the  firmameat 
Rally  kaa  a  molioD  of  apparent  rotation  with  a  velocity  rigorously 
oniform  round  the  aiis,  let  the  telescope  bo  firet  directed  to  any  Btar, 
0,  fig.  697,  for  esample,  so  that  it  ehall  be  seen  upon  the  interaection 
of  the  middle  wirea.  The  lina  of  coUimation  will  then  be  directed 
to  the  Btar,  aod  the  angle  o  c  n'  or  the  are  o  n'  will  express  the  ap- 
parent diataoce  of  auch  star  from  the  pole  p. 

Let  the  instmmeiit  be  then  turned  upon  its  axis  from  east  to  west 

Sthat  ia,  in  the  same  direction  as  the  rotation  of  the  firmament), 
irongh  any  proposed  angle,  say  90°,  and  let  it  be  fixed  in  that  po- 
sition. The  firmament  will  follow  it,  and  after  a  certain  interval 
ibe  Mine  atu  will  he  seen  upon  the  interaection  of  the  wires;  and 
ia  the  SMne  maaner,  whatever  be  the  change  of  position  of  the  in- 
itrament  apon  its  aiia,  provided  Uie  direction  of  the  teleecope  upon 
iha  are  oil',  fig.  697,  be  not  ehanged,  the  star  will  alwaye  arrive, 
efiar  aa  interval  more  or  less,  according  to  the  angle  tbrough  which 
ttm  instnmeDt  has  been  tpnted,  upon  the  interseotion  of  the  wires. 
It  follows,  therefore,  ^m  this,  that  the  particalar  star  here  ob- 
Hmd  ia  eairied  in  a  ciinle  ronnd  the  heavens,  always  at  tJie  same 
di»<aiw«,  op,  from  the  celea^  pole. 
Tbm  aaBM  <riiaBrTatioaa  twiy  made  with  ■  like  mmlt  upon  fi^crj 
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Star  to  which  the  telescope  is  direotcd,  it  follows  thai  the  BMitioB  c£ 
the  firmament  is  such  that  all  ohjects  upon  it  deserihe  droles  at  ri^ 
angles  to  its  axis,  each  object  always  remaiDiDg  at  the  same  distnes 
from  the  pole. 

This  is  precisely  the  effect  which  woald  be  produced  by  the  rota- 
tion of  the  heavens  round  an  axis  directed  to  the  pole  from  the  pbea 
of  the  observer. 

But  it  remains  to  ascertain  the  time  of  rotation,  and  whether  the 
rotation  be  uniform. 

If  the  telescope  be  directed  as  before  to  any  star/ so  that  it  shall 
be  seen  at  the  intersection  of  the  wires,  let  the  instmment  be  then 
fixed,  being  detached  from  the  clock-work,  and  let  the  exact  tiine 
of  the  star  passing  the  wires  be  noted.  On  the  following  Bight,  al 
the  approach  of  the  same  hour,  the  same  star  will  be  seen  approaching 
to  the  same  position,  and  h  will  at  length  arrive  ag^n  upoD  the 
wires.  The  time  being  again  exactly  observed,  it  will  be  found  that 
the  interval  which  has  elapsed  between  the  two  sndoeasive  paangei 
of  the  star  over  the  wires  is 

Such  is,  therefore,  the  time  in  which  the  celestial  sphere  maktt 
one  complete  revolution,  and  this  time  will  be  always  found  to  be 
the  same,  whatever  be  the  star  to  which  the  telescope  is  directed. 

To  prove  that  not  only  every  complete  revolution  is  performed  ia 
the  same  time,  but  that  the  rotation  during  the  same  revolntion  is 
uniform,  let  the  instrument,  after  being  directed  to  any  star,  be  toned 
in  the  direction  of  the  motion  of  the  sphere  through  any  propoaed 
angle,  90°  for  example.  It  will  be  found  that  the  interyal  whieli 
will  elapse  between  the  passage  of  the  star  over  the  wires  in  the  two 
positions  will,  in  this  case,  be  the  fourth  part  of  23^  56"^  4*09^  i 
and,  in  general,  whatever  be  the  angle  through  which  the  inatroQeat 
may  be  turned,  the  interval  between  the  passages  of  the  aanie'star 
over  the  wires  in  the  two  positions  will  bear  the  same  proportioD  to 
23h.  56m.  4.09*.,  as  the  angle  bears  to  360°. 

It  follows,  therefore,  that  the  apparent  rotation  of  the  heavena  is 
rigorously  uniform. 

It  will  be  observed  that  the  time  of  one  complete  revolatioD  is 
8°^  55 '9 1"-  less  than  twenty-four  hours,  or  a  common  day.  The 
cause  of  this  diflference  will  be  explained  hereafter. 

2338.  Sidereal  time.  —  The  time  of  one  complete  rerolntbii  of 
the  firmament  is  called  a  sidereal  day.  This  interral  isdiTided, 
like  a  common  day,  into  24  hours,  each».hour  into  60  minutes,  and 
each  minute  into  60  seconds. 

Bince  in  24  sidereal  hours  the  sphere  turns  through  860^,  and 
since  its  motion  is  rigorously  uniform,  it  turns  15°  in  a  aidenal 
hour,  and  through  1°  in  four  sidereal  minutes. 
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>39.  7%^  utme  apparent  motion  obticrved  hy  day.  — It  may  ho 
cttnl  that  although  this  description  of  the  movement  of  the 
'«;ds  acconis  with  the  appearances  during  the  night,  there  is  no 
pnrc  of  the  continuance  of  the  same  rotation  during  the  dny, 
?  in  a  cloudless  firmament  no  object  is  visible  except  the  sun, 
rh  being  alone  cannot  manifest  the  same  community  of  motion 
:  exhibited  by  the  multitudinous  objects  which,  being  crowded 
bickly  on  the  firmament  at  night,  move  together  without  any 
ige  in  their  apparent  relative  position.  To  this  objection  it 
'  be  answered  that  the  moon  is  occasionally  seen  in  the  day- 
?  as  well  as  the  sun ;  and,  moreover,  that  before  sunset  and 
rise  the  planets  Jupiter  and  Venus  are  occasionally  seen  under 
mrable  atmospheric  circumstances.  Besides,  with  telescopes 
«ficient  power  properly  directed,  all  the  brighter  stars  can  be 
ivctly  seen  when  not  situated  very  near  the  position  of  the  sun. 
r,  in  all  tbeae  cases,  the  objects  thus  seen  appear  to  be  carried 
nd  by  the  same  motion  of  the  firmament,  which  is  so  much 
•e  conspicuously  manifested  in  the  absence  of  the  sun  and  at 
It 

340.  Certain  fixed  pcnuts  and  circles  nece^ary  to  express  the 
tb'au  of  oifjeets  on  the  heavens.  —  It  will  greatly  contribute  to 
ficility  and  clearness  with  which  the  celestial  phenomena  and 
r  causes  shall  be  understood,  if  the  student  will  impress  upon 
memory  the  names  and  positions  of  certain  fixed  points,  lines, 
circles  of  the  celestial  sphere,  by  reference  to  which  the  poai- 
of  objects  upon  it  are  expressed.     Without  incumbering  him 

I  a  more  complex  nomenclature  than  is  indispensably  necessary 
this  purpose,  we  shall  therefore  explain  some  of  the  principal 
faese  landmarks  of  the  heavens. 

341.  Vertical  circles,  zenith,  and  nadir.  —  If  from  the  place 
he  observer  a  straight  line  be  imagined  to  be  drawn  perpen- 
ilar  to  the  plane  of  the  horizon,  and  to  be  continued  indefinitely 
1  upwards  and  downwards,  it  will  meet  the  visible  hemisphere 
•s  vertex,  the  Zenith,  and  the  invisible  hemisphere,  which  is 
er  the  plane  of  the  horizon,  at  a  corresponding  point  called  the 

MR. 

f  m  plane  be  supposed  to  pass  through  the  place  of  the  ob- 
rer  and  the  zenith,  it  will  meet  the  celestial  surface  in  a  series 
points^  forming  a  circle  at  right  angles  to  the  horizon.  Such  a 
ie  is  called  a  vertical  circle,  or,  shortly,  a  Vertical. 

f  this  plane  be  supposed  to  be  turned  round  the  line  passing 
rards  to  the  zenith,  it  will  assume  succegsively  every  direction 
ad  the  observer,  and  will  meet  the  heavens  in  every  possible 
bieil  circle. 

rhe  Tcrtjoal  ciicles,  therefore.  mU  iDteneotiDg  at  the  lenith  as  i^ 
u.  11 
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ooTDmon  point,  diyidc  tbe  borizon  as  the  divinons  of  the  honn  iDd 

miDutes  divide  the  dial-plate  of  a  clock. 

2342.  The  celcsttal  meridian  and  prime  vertical,  —  That  ^ertieil 
which  passes  though  the  celestial  pole  is  called  the  Meridian. 

The  meridian  is,  therefore,  the  only  circle  of  the  heavens  wbiek 
passes  at  once  through  the  two  principal  fixed  points,  the  pole  and 
the  zenith. 

It  divides  tbe  visible  hemisphere  into  two  regions  on  tbe  rigiift 
and  left  of  the  observer ;  as  he  looks  to  the  north,  that  which  is 
on  his  right  being  called  tbe  Eastern,  and  that  which  is  on  his 
left  the  Western. 

Another  vertical  at  right  angles  to  tbe  meridian  is  called  the 
PRIME  VERTICAL.     This  is  comparatively  little  used  for  reference. 

2343.  Cardinal  points.  —  The  meridian  and  prime  vertical  di- 
vide the  horizon  at  four  points,  equally  distant,  and  therefore  sepa- 
rated by  arcs  of  90^.  These  points  are  called  the  cardinal 
POINTS.  Those  formed  by  the  intersection  of  the  meridian  with 
the  horizon  are  called  the  North  and  South  points,  that  which  is 
nearest  to  the  visible  pole  in  the  northern  hemisphere  being  tbe 
north.  Those  formed  by  tbe  intersection  of  tbe  prime  verucal  with 
the  horizon  are  called  the  East  and  West,  that  to  the  right  of  an 
obscr\'er  looking  towards  the  north  being  the  east 

The  cardinal  points  correspond  with  those  marked  on  the  caid 
of  a  mariner's  compass,  allowance  being  made  for  the  variation  of 
the  needle. 

2344.  The  azimuth.  — The  direction  of  an  object,  whether  term- 
trial  or  celestial,  in  reference  to  the  cardinal  points,  or  to  the  plane 
of  the  meridian,  is  called  its  Azimuth.  Thus  it  is  said  to  hate  so 
many  degrees  of  azimuth  east  or  west,  according  as  the  vertical  eircle, 
whose  plane  passes  through  it,  forms  that  angle  east  or  west  of  the 
plane  of  the  meridian. 

2845.  2knith  distdnce  and  altitude.  —  It  is  always  posnbls  to 
conceive  a  vertical  circle  which  shall  pass  through  any  proposed 
object  on  the  heavens.  The  arc  of  such  a  circle  between  the  Mmth 
and  the  object  is  called  its  Zenith  distance. 

The  remainder  of  the  quadrant  of  the  vertical  between  the  olject 
and  the  horizon  is  called  its  Altitude. 

It  is  evident,  therefore,  that  the  altitude  of  the  zenith  is  90%  and 
the  zenith  distance  of  every  point  on  the  horizon  is  also  90^. 

The  arc  of  the  meridian  between  the  zenith  and  the  pole  k  tbe 
zenith  distance  of  the  pole,  and  the  arc  of  tbe  meridian  between  tbe 
pole  and  the  horizon  is  the  altitude  of  the  pole. 

2346.  Celestial  equator. — If  a  plane  be  imagined  to  pass  through 
the  place  of  the  obsonrer  at  right  angles  to  the  axis  of  tbe  sphere, 
and  to  be  continued  to  the  heavens,  it  will  meet  the  surface  of  the 
celestial  vault  in  a  circle  which  shall  be  90^  from  the  pole,  and 
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vhidi  will  divide  the  sphere  into  two  hemispherefl,  at  the  vertex  of 
ooe  of  which  is  the  visible  or  north  pole,  and  at  the  vertex  of  the 
otber  the  inviaible  or  soath  pole. 

This  eirele  is  called  the  celsstial  equator. 

He  several  fixed  points  and  circles  described  above  will  be  more 
dnrlj  ooDoeived  by  the  aid  of  the  diagraniiy^.  699,  where  o  is  the 


place  of  the  observer,  z  the  zenith,  p  the  pole,  s  z  P  N  the  visible, 
ind  8p  z  N  the  invisible  half  of  the  meridian ;  s  E  N  w  is  the  horizon 
len  Dj  projection  as  an  oval,  l>eing,  however,  really  a  circle ;  N  and 
t  are  the  north  and  south,  and  £  and  w  the  east  and  west  cardinal 
pointa.  The  points  of  the  several  circles  which  are  below  the  horizon 
ire  distingaished  by  dotted  lines.  The  celestial  equator  is  reprc- 
wnted  at  JB  Q,  and  the  prime  vertical  at  z  w  £  z,  both  beiog  looked 
it  edgewise. 

A  phine  N  n,  drawn  through  the  north  cardinal  point  [and  parallel 
to  the  celestial  equator],  cuts  off  a  portion  of  the  sphere,  having  the 
Tiable  pole  P  at  its  centre,  all  of  which  is  above  the  horizon ;  and  a 
eoRenKmding  plane,  8  «,  tiirough  the  south  cardinal  point,  cuts  off  a 
part,  leaving  the  invisible  pole  at  its  centre,  all  of  which  is  below 
the  horiaon. 

2S47.  Apparent  motion  of  the  celestial  sphere,  —  Now,  if  the 
ntire  sphere  be  imagined  to  revolve  on  the  line  pop  through  the 
poles  as  m  fixed  axis,  making  one  complete  revolution,  and  in  such  a 
diredioii  that  it  vrill  pass  over  an  observer  at  o,  looking  towards  n 
firoB  hifl  right  to  his  left,  carrying  with  it  all  the  objects  on  the 
frmament^  without  disturbing  their  relative  position  and  arrangement, 
veahall  form  an  exact  notion  of  the  apparent  motion  of  the  heavens. 
All  objects  rise  opoo  the  eastern  half,  bes,  of  the  horizon,  and  set 
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upon  tbe  western  half,  s  w  N.  The  objects  which  lire  nearer  to  the 
visible  pole  P  than  the  circle  n  N  never  set;  and  those  which  are 
nearer  to  the  invisible  pole  p  than  the  circle  s  s  never  rise.  Those 
which  are  between  the  equator  j£  Q  and  the  circle  n  N  are  longer 
above  tbe  horizon  than  below  it;  and  those  which  are  between  the 
equator  JE  Q  and  the  circle  s  «  are  longer  below  the  horiion  than 
above  it.  Objects,  in  fiue,  which  are  upon  the  equator  are  equal 
times  above  and  below  the  horizon. 

When  an  object  rises,  it  gradually  increases  its  altitude  mtfl  it 
reaches  the  meridian.  It  then  begins  to  descend|  and  cootinacs  to 
descend  until  it  sets. 


CHAP.  IV. 

DIURNAL  ROTATION   OF  THE  EARTH. 

2348.  Apparent  diurnal  rotation  of  tlie  htavem — tVt  pomHk 
causes.  —  The  apparent  diurnal  rotation  of  the  celestial  sphere  beias 
such  as  has  been  explaioed,  it  remains  to  determine  what  is  the  ml 
motion  which  produces  it.  Now  it  is  demonstrable  that  it  may  be 
caused  indifferently,  either  by  a  real  motion  of  the  sphere  ronnd  the 
observer,  corresponding  in  direction  and  velocity  with  the  appareat 
motion,  or  by  a  real  motion  of  the  earth  in  the  contrary  direction, 
but  with  the  sunie  angular  velocity  upon  that  diameter  of  the  globe 
which  coincides  with  the  direction  of  the  axis  of  the  celestial  sphere^ 
and  thut  no  other  conceivable  morion  would  produce  that  ^pareot 
rotation  of  the  heavens  which  we  witness.  Between  theae  two  we 
are  to  decide  which  really  exists. 

2349.  Supposition  of  tlie  real  motion  of  tlie  univer»e  inadmU' 
nhle. — The  fixity  and  absolute  repose  of  the  globe  of  the  earth 
being  assumed  by  the  ancients  as  a  physical  maxim  which  did  not 
even  admit  of  being  questioned,  they  perceived  the  inevitable  cha- 
racter of  the  alternative  which  the  apparent  diurnal  rotation  of  the 
heavens  imposed  upon  them,  and  accordingly  embraced  the  hypo- 
thesis, which  now  appears  so  monstrous,  and  which  is  implied  in  the 
term  universe,'*'  which  they  have  bequeathed  to  us. 

It  is  true  that,  owing  to  the  imperfect  knowledge  which  prevuled 
as  to  the  real  magnitudes  and  distances  of  the  bodies  to  whieh  thii 
common  motion  was  so  unhesitatingly  ascribed,  the  improbability  of 
the  supposition  would  not  have  seemed  so  gross  as  it  does  to  the 
more  enlightened  enquirers  of  our  age.     Nevertheless,  in  any  vie* 

*Unus,  on«,  nnd  versum,  turning,  or  rotation,  —  turning  with  one  cooh 
mon  motion  of  rotation. 
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of  it,  and  eren  with  the  most  imperfcet  knowledge,  the  hypothesis 
which  reqnired  the  admission  that  the  myriads  of  bodies  which 
■ppear  upon  the  finnament  should  have,  besides  the  proper  mo- 
tiona  of  aeveral  of  them,  sach  as  the  moon  and  planets,  of  which 
the  ancients  were  not  unaware,  motions  of  revolution  with  velocities 
io  prodigious  and  so  manrellously  related,  that  all  should,  in  the  short 
iaterval  of  twenty-four  hours,  whirl  round  the  axis  of  the  earth  with 
the  unerring  harmony  and  regularity  necessary  to  explain  the  appa- 
rent diamal  rotation  of  the  firmament,  ought  to  have  raised  serious 
diflknltiea  and  doubts. 

But  with  the  knowledge  which  has  been  obtained  by  the  labours 
of  modem  astronomers  respecting  the  enormous  magnitudes  of  the 
principal  bodies  of  the  physical  universe,  magnitudes  compared  with 
vhich  that  of  the  globe  of  the  earth  dwindles  to  a  mere  point,  and 
their  distances,  under  the  expression  of  which  the  very  power  of 
aomber  itself  almost  fidls,  and  recourse  is  had  to  colossal  units  in 
order  to  enable  it  to  express  even  the  smallest  of  them,  the  hypo- 
thesis of  the  immobility  of  the  earth,  and  the  diurnal  rotation  of  the 
coondess  orbs,  of  magnitudes  so  inconceivable  filling  the  immensity 
of  space  once  every  twenty-four  hours  round  this  grain  of  matter 
conpoeing  our  globe,  becomes  so  preposterous  that  it  is  rejected, 
BOt  ss  an  improbability,  but  as  an  absurdity  too  gross  to  be  even  for 
s  moment  seriously  entertained  or  discussed. 

2350.  Simpitcttj^  and  tntrinsic  probability  of  the  rotation  of  the 
earth.  —  But  if  any  ground  for  hesitation  in  the  rejection  of  this 
hypothesis  existed,  all  doubt  would  be  removed  by  the  simplicity 
and  intrinno  probability  of  the  only  other  physical  cause  which  can 
prodnoe  the  phenomena.  The  rotation  of  the  globe  of  the  earth 
npon  an  axis  passing  through  its  poles,  with  an  uniform  motion  from 
west  to  east  once  in  twenty-four  hours,  is  a  supposition  against  which 
not  a  single  reason  can  be  adduced  ba^ed  on  improbability.  Such  a 
notion  expUuns  perfectly  the  apparent  diurnal  rotation  of  the  celes- 
tial sphere.  Beinff  uniform  and  free  from  irregularities,  checks,  or 
jolta,  it  would  not  oe  perceivable  by  any  local  derangement  of  bodieH 
on  the  surface  of  the  earth,  all  of  which  would  participate  in  it. 
Observers  npon  the  surface  of  our  globe  would  bo  no  more  conscious 
of  it,  than  are  the  voyagers  shut  up  in  the  cabin  of  a  canal-boat,  or 
transported  above  the  clouds  in  the  car  of,  a  balloon. 

2351.  Direct  proofs  of  the  earth's  rotation.  —  Irresistible,  never- 
theless, as  this  logical  alternative  is,  the  universality  and  antiriuity 
of  the  belief  in  the  immobility  of  the  earth,  and  the  vast  physical 
importance  of  the  principle  in  question,  have  prompted  enquirers  to 
teaieh  for  direct  proofs  of  the  actual  motion  of  the  earth  upon  its 
axis.  Two  phenomena  have  accordingly  been  produced  as  im me- 
diate and  conclusive  proof  of  this  motion. 

77* 


126  ASTRONOMY. 

2852.  Proof  by  the  descent  of  a  lady  from  a  grtaH  Ae£^. — It 

has  been  already  (184)  shown  that  a  body  descending  from  a  great 
height  docs  not  fall  in  the  true  vertical  line,  which  it  woald  if  the 
earth  were  at  rest,  but  eastward  of  it,  which  It  mast,  if  the  earth 
have  a  motion  of  rotation  from  west  to  east. 

2353.  M.  Lean  Foucauli's  mode  of  demouMtratum, — ^An  iDmi- 
oas  expedient,  by  which  the  diurnal  rotation  of  the  earth  is  reamnd 
visible,  has  been  conceived  and  reduced  to  experiment  by  M.  Leon 
Foucault.  This  contrivance  is  based  upon  the  principle,  that  the 
direction  of  the  plane  of  vibration  of  a  pendulum  in  not  afiteted  hf 
any  motion  of  translation  which  may  be  given  to  its  poiat  of  nu- 
pension.  Thus,  if  a  pendulum  suspended  in  a  room  and  pat  into 
vibration  in  a  plane  parallel  to  one  of  the  walls  be  carried  round  s 
circular  table,  the  plane  of  its  vibration  will  oontinaally  be  parallel 
to  the  same  wall,  and  will  therefore  vary  constantly  in  the  an^  it 
forms  with  the  radius  of  the  table  which  is  directed  to  it. 

Now,  if  a'  pendulum,  suspended  any  where  so  near  the  pole  of 
the  earth  that  the  circle  round  the  pole  may  be  considered  a  plane, 
be  put  in  vibration  in  a  plane  passing  through  the  pole,  this  plaae, 
continuing  parallel  to  its  original  direction  as  it  is  carried  round  tbe 
pole  by  the  earth's  rotation,  will  make  a  varying  angle  with  the  line 
drawn  to  the  pole  from  the  position  it  occupies.  ARer  being  carried 
through  a  quarter  of  a  resolution  it  will  make  an  angle  of  90^  with 
the  line  to  the  pole,  and  so  on.  In  fine,  the  direction  of  the  pole 
will  appear  to  bo  carried  round  tbe  plane  of  vibration  of  the  pen- 
dulum. 

The  same  effects  will  be  produced  at  greater  distances  from  the 
pole,  but  the  rate  of  variation  of  the  angle  under  the  plane  of  vi- 
oration  and  the  plane  of  the  meridian  will  be  different,  owing  to  the 
effects  of  the  curvature  of  tbe  meridian. 

This  phenomenon,  therefore,  being  a  direct  effect  of  the  rotation 
of  the  earth,  supplies  a  proof  of  the  existence  of  that  motion,  at- 
tainable without  reference  to  objects  beyond  the  limits  of  the 
globe. 

2354.  Analogy  supplies  en'denre  of  the  earth's  rotation, -^The 
obvious  analogy  of  the  planets  to  the  earth,  which  will  appear  more 
fully  hereafter,  would  supply  strong  evidence  in  favour  of  the  earth's 
rotation,  even  if  positive  demonstration  were  wanting.  All  the 
planets  arc  globes  like  the  earth,  receiving  light  and  heat  from  the 
same  luminary,  and,  like  the  earth,  revolving  round  it.  Now  all 
the  planets  which  we  have  been  enabled  to  observe  have  motions  of 
rotation  on  axes,  in  times  not  very  different  from  that  of  the  earth. 

2355.  Figure  of  the  earth  supplies  another  proof.  —  Besidet 
these,  it  will  be  shown  hereafter  that  another  proof  of  the  rotation 
of  the  earth  is  supplied  by  a  peculiar  departure  from  the  strirtlj 
globular  form. 
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l?3o6.  UfiW  thts  rotation  of  (he  earth  exjilmm  the  (Uumal  phe- 
hi/ifumi. — W'c  arc  thru  to  conclude  that  the  earth,  being  a  globe, 
bis  a  Hi  or  ion  of  uDiform  rotation  round  a  certain  diameter.  The 
ttuiv»'n«e  around  it  w  relatively  stationary,  and  the  bodies  which 
c^-i!!p-:*c  it  being  at  distances  which  mere  vision  cannot  appreciate, 
ippear  as  if  tbey  were  situate  on  the  surface  of  a  vast  celestial 
sphere  in  the  centre  of  which  the  earth  revolves.  This  rotation  of 
the  earth  gives  to  the  sphere  the  appearance  of  revolving  in  the 
coDtnrj  direction,  as  the  progressive  motion  of  a  boat  on  a  river 
pstB  to  the  banka  an  appearance  of  retrogressive  motion ;  and  since 
the  apparent  motion  of  the  heavens  is  from  east  to  west,  the  real 
rocatioD  of  tbe  earth  which  produces  that  appearance  must  be  from 
vtft  to  east. 

How  this  notioD  of  rotation  explains  the  phenomena  of  the  rising 
aod  setting  of  celestial  objects  is  easily  understood.  An  observer 
placed  at  any  point  upon  the  surface  of  the  earth  is  carried  round 
the  axis  in  a  circle  in  twenty-four  hours,  so  that  every  side  of  the 
cekttial  sphere  is  in  succession  exposed  to  his  view.  As  ho  is 
curied  apon  the  side  opposite  to  that  in  which  the  sun  is  placed,  he 
IMS  the  btarry  heavens  visible  in  the  absence  of  the  splendour  of 
that  luminary.  As  he  is  turned  gradually  towards  the  side  where  the 
Hin  is  placed,  its  light  begins  to  appear  in  the  Brmamcnt,  the  dawn 
of  morning  is  manifested,  and  the  globe  continuing  to  turn,  he  is 
brought  into  view  of  the  luminary  itself,  and  all  the  phenomena  of 
dawn,  morning,  and  sunrise  are  exhibited.  While  he  is  directed 
towards  the  side  of  the  firmament  in  which  the  sun  is  placed,  the 
other  bodies  of  inferior  lustre  are  lost  in  the  splendour  of  that  lumi- 
Dary,  and  all  the  phenomena  of  day  are  exhibited.  When  by  the 
GDntiuued  rotation  of  the  globe  the  observer  begins  to  be  turned 
away  from  the  direction  of  the  sun,  that  luminary  declines,  and  at 
length  disappears,  producing  all  the  phenomena  of  evening  and  sunset. 

^^uch,  iu  general,  arc  the  effects  which  would  attend  the  motion 
of  a  spectator  placed  upon  the  earth's  surface,  and  carried  round 
with  it  by  its  motion  of  rotation.  He  is  the  spectator  of  a  gorgeous 
diorama  exhibited  on  a  vast  gcale,  the  earth  which  fonns  his  stiitioii 
Leiog  the  revolving  stage  by  which  he  is  carrie<l  round,  so  as  to 
view  in  succession  the  spectacle  which  surrounds  him. 

Thc!io  appearances  vary  with  the  position  assumed  by  the  observer 
on  this  revolving  stage,  or,  iu  other  word^^,  upon  his  situation  on  the 
Larth,  ais  will  presently  appear. 

imbl.  The  earth^s  axU. — That  diameter  upon  which  it  is  ncces- 
Mry  to  suppope  the  earth  to  revolve  in  order  to  explain  the  pheno- 
mena, i.s  that  which  pa.«scs  through  the  terrestrial  poles. 

:i:;o8.  The  Orrcstrml  equator,  pofes,  and  meridians.  —  If  the 
globe  of  the  earth  Imj  iniagine<l  to  be  cut  by  a  plane  passing  through 
its  centre  at  right  angles  to  its  axis,  such  a  plane  will  meet  the  %ur- 


128  ABTROHOn. 

hot  ia  a  circle,  which  will  divide  it  into  two  hemi«pli«tw,  tt  llu 
BummilA  of  which  the  poles  are  utukto.     Tbii  dnle  u  nlled  the 

TEBBESTBIAL  EQUATOR. 

That  hemisptiere  which  inolodes  the  eoDtinent  of  Ennpa  k 
callod  the  nobtbebn  hemisphxhx,  and  the  pole  which  it  iDUnfa 
is  called  the  NOKTHxas  tebsxbtbial  POLS ;  the  other  hemiipbHi 
being  the  bodthern  HXHiBPiuaif  ud  inelodiog  (be  boutbiu 

TKUtEBTHIAL  POLE. 

If  the  surface  of  the  earth  be  imapDed  to  he  iateraeotBd  I7  phna 
paning  through  its  axis,  they  will  meet  the  mr&oB  io  drelea  whiefa, 
poiaiiig  through  the  polea,  will  be  at  right  anglea  to  the  aqnator. 
Tbece  drdes  are  called  tkbbbbtrial  hxusuns,  aad  will  be  Ken 


1IXUSUN8,  a 
JEl«*e. 
2S59.  Latitude  and  hitffiiitda. — ^Tm  pori&n  at  phoaa  upon  the 


delineated  oo  any  ordinal^  tetreatri^clobe. 

2S59.  Latitude  and  iMffitmk. — ^iMpori&n 
anrfaoe  of  the  earth  are  expresMd  and  ipaieaied  1 


presMd  and  ipaieaied  bystatiiiff  their  di»- 
equator,  maMnied  ofoa  >  mendiaa  jt^- 
'  ue  dntano*  af  ndi  meridian  cast  or 


tanoe  north  or  eonth  of  the  ei, 
ing  through  them,  and  by  t 

we*t  ot  some  fixed  meridian  arhitraiflj  nleeted,  aneh  as  the  meri- 
dian paned  through  the  oheerratory  at  Oieenwieh.  The  former 
diatanee,  ezprened  in  degnea,  minutes,  and  leoeods,  is  called  Um 
Latitude,  and  the  latter,  similarly  ezprsMad,  the  Lokoitqdx  of 
the  jplace. 

2860.  Fixed  merirtiant  —  fAote  0/  GreettKirh  and  Parit.  —  Al 
no  natural  phenomenon  is  fband  by  which  a  fixed  meridian  6tB 
which  longitude  is  measured  can  be  determined,  aatrtmarocra  eed 
geo^pfaen  hsTe  not  agreed  in  the  arbitrary  lelcciion  of  one.  !tl> 
mcndiana  of  the  Qreenwicb  and  Paris  obsiirvntortea  have  been 
taken,  the  former  by  Kngli«h  and  the  latter  by  French  autboritief, 
US  the  starti|]g-point  To  reduce  the  longitudes  cxprcs.'^ed  by  eilhet 
to  the  other,  it  is  only  necessary  to  add  or  suIk-Enict  tLc  angle  undi?r 
the  meridians  of  the  two  obserratories,  which  )ias  been  Bscertjuned 
to  be  2°  SO*  22",  the  meridian  of  Paris  being  eart  of  thAt  of  Gnes- 
wich. 

2361.  How  At  iJinmal  jAenomena  vary  wiA  Ae  htAude. — 
Let  BJSVH,  fig.  TOO,  represent  the  earth  suspended  in  apaoe,  nv- 
rounded  al  an  immeasurable  distance  by  the  sicllsr  nniverse.  The 
niBgnitude  of  the  earth  beiug  absolutely  insignificant  compared  with 
tbe  distances  of  the  stars,  the  aspect  of  these  will  be  the  ssmv 
whether  they  are  viewed  from  any  poiot  on  its  surface,  or  from  its 
centre.  The  observer  may  therefore,  whatever  be  his  position  oa 
tbe  earth,  be  considered  as  looking  from  the  centre  of  ttia  oelestial 

Let  us  anppase,  in  tbe  first  place,  the  observer  to  be  at  o,  a  point 
on  its  surface  between  the  equator  S,  and  the  north  pole  N,  the  l>li> 
tude  of  which  will  therefore  bo  u  Jt,  and  will  bo  measured  by  tbe 
angle  oca.     If  a  lino  be  imagined  to  be  drawn  from  the  centre  0 
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^g^iltftUmoat^Mitlltt,iaiednlSaatd  npvwdi  to  tlis 
hataag^ k  w31  anfniC dM  point i,  vhMi  is  the  Mnith  of  tha 
ihviv.  ZMfeatMrMtrtftdiicllaiiBagiiMd  taboooDtiBued  to 
IkMMal^  It  lidltfi^'^lbi  north  oelMdal  pdenand  the 
riHk«riMUjNtt«'  ff  AtjOtttt  arOt  tKTMbrU  equtwjBQ 
tlMMHitf  tf WitdlNfalNa  « tlU  liMM%  ft  wOl  inteoDat  the  nir< 
E^Tlb  «dbMU  ifl^  attb*  aOartU  aqiatn  »2. 


FlC-TtO. 

nrpboad  itovni  Me  tha  etatira  hemispbereAtV  of 

nj  Miitli «  M  the  nunmit;  ud  tbe  othar  hemii^bere  & « A' 
,  IbvWUb  Id  hhn,  heing  in  bet  coficeeled  from  hu  view  bj 
-^  Oft  wUah  bo  itkiidi. 

rMeafr  tbi  the  m  of  Ae  beaTeni  f «  between  bu  Ecnitb 
Mslh  mImImI  pde  eoMifit  of  ihe  mmi  nninba  of  dcgKce 
t  OK  «f  tba  tarrmrM  mmidlm  between  his  place  of  oV 
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PcrvatioTi  o  nnd  the  Dorth  terrestrial  pole  N.  The  fcnitb  distanoe 
therefore  of  the  visible  pole  at  any  place  is  always  equal  to  the 
actual  distance  expressed  in  degrees  of  that  place  from  the  terres- 
trial pole,  and  as  this  distance  is  the  complement*  of  THE  lati- 
tude, it  follows  that  the  zenith  distance  of  the  visible  pole  is  the 
coniplement  of  the  latitude,  and  that  the  altitude  of  the  visible  pole 
is  equal  to  the  latitude  of  the  place. 

2362.  Method  of  finding  (he  latitude  of  (he  picux.  —  The  lati- 
tude of  the  place  of  observation  may  therefore  be  alwajrs  deter- 
mined if  the  altitude  of  the  celestial  pole  can  be  observed.  If 
there  were  any  star  situate  precisely  at  the  pole,  it  would  therefore 
be  sufficient  to  observe  its  altitude.  There  is,  however,  no  star 
exactly  at  the  pole,  although,  as  has  been  already  observed,  the 
POLE  STAR  is  very  near  it.  The  altitude  of  the-  pole  is  found, 
therefore,  not  by  one,  but  by  two  observations.  The  pole  star,  or 
any  other  star  situate  near  the  pole,  is  carried  round  it  in  a  circle  by 
the  apparent  diurnal  motion  of  the  sphere,  and  it  necesBaiilyerottes 
the  meridian  twice  in  each  revolution,  onoe  above,  and  onoe  6e&no 
the  pole.  Its  altitude  in  the  latter  position  is  the  jlecuf,  and  in 
the  former  the  greatest  it  ever  has ;  and  the  pole  itself  is  jnst  mid- 
way between  these  two  extreme  positions  of  this  ciVcampolar  star. 
To  find  the  actual  altitude  of  the  pole,  it  is  only  neoesaary  there- 
fore to  take  the  mean,  that  is,  half  (he  sum  of  these  two  extreme 
altitudes.  By  making  the  same  observations  with  several  cireum- 
polar  stars,  and  taking  a  mean  of  the  whole,  still  greater  aoooney 
may  be  attained. 

2363.  Position  of  celestial  equator  and  poles  varies  tciih  the 
latitude.  —  Since  the  altitude  of  the  celestial  pole  is  everywhere 
e<iual  to  the  latitude  of  the  place,  and  since  the  position  of  the 
celestial  equator  and  its  parallels,  in  which  all  celestial  objects  ap- 
pear to  be  moved  by  the  diurnal  rotation,  varies  with  that  of  the 
pole,  it  is  evident  that  the  celestial  sphere  must  present  a  different 
appearance  to  the  observer  at  every  different  latitude.  In  proceed- 
ing towards  the  terrestrial  pole,  the  celestial  pole  will  gradually  tp- 
proach  the  zenith,  until  wo  arrive  at  the  terrestrial  pole,  when  it 
will  actually  coincide  with  that  point ;  and  in  proceeding  towards 
the  terrestrial  equator,  the  celestial  pole  will  gradually  descend 
towards  the  horizon,  and  on  arriving  at  the  Line  it  will  be  actually 
ou  the  horizon. 

2304.  Parallel  sphere  seen  at  the  poles.  —  At  the  poles,  therefore, 
the  celestial  pole  being  in  the  zenith,  the  celestial  equator  will 
coincide  with  the  horizon,  and  by  the  diurnal  motion  all  objects 
will  move  in  circles  parallel  to  the  horizon.     Every  object  will 

*  The  complement  of  an  angle  or  arc  is  that  number  of  degrees  by  which 
it  differs  from  90°.     Thus  30°  degrees  is  the  complement  of  eO*". 
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thensfore  preserve  doring  twenty-fonr  hours  the  same  altitude  and 
the  same  zenith  distance.  No  object  will  either  rise  or  sct^  at  least 
BO  far  as  the  diurnal  motion  is  concerned. 

This  aspeot  of  the  firmament  is  called  a  parallel  sphere^  the 
motion  being  parallel  to  the  horiion. 

2365.  Rifjht  sphere  Been  at  the  equator.  —  At  the  terrestrial 
cquatoTy  the  poles  being  upon  the  horizon,  the  axis  of  the  celestial 
sphere  will  coincide  with  a  line  drawn  upon  the  plane  of  the  horizon 
coanectinff  the  north  and  south  points.  The  celestial  equator  and 
its  parmllels  will  be  at  right  angles  to  the  plane  of  the  horizon ;  and 
since  the  plane  of  the  horizon  passes  through  the  centre  of  all  the 
parallelsy  it  will  divide  them  all  into  equal  somioiroles. 

It  followBi  therefore,  that  all  objects  on  the  heavens  will  be  equal 
times  above  and  below  the  horizon,  and  that  they  will  rise  and  set 
in  plaiies  peipendicular  to  the  horizon. 

This  aspect  of  the  firmament  is  called  a  right  sphere,  the  diurnal 
motion  being  at  right  angles  to  the  horizon. 

2366.  Oblique  sphere  seen  at  intermediate  latitudes. — At  latitudes 
between  the  equator  and  the  pole,  the  celestial  pole  holds  a  place 
between  the  horizon  and  the  zenith  determined  bj  the  latitude.  The 
celestial  equator  «  q,  fig.  700,  and  its  parallels,  are  iQcliDcd  to  the 
plane  of  the  horizon  at  angles  equal  to  the  distance  of  the  pole  from 
the  zenith,  and  therefore  equal  to  the  complement  of  the  latitude. 
The  centres  of  all  parallels  to  the  celestial  equator  mq  which  are 
between  it  and  the  visible  pole  are  above  the  plane  of  the  horizon, 
between  C  and  N,  and  the  centres  of  all  parallels  at  the  other  side 
of  the  equator  below  it.  The  parallels,  such  vaU  m'  and  Im,  will 
therefore  be  all  divided  unequally  by  the  plane  of  the  horizon,  the 
visible  part  V  /  being  greater  than  the  invisible  part  m'  r'  for  the 
former,  and  the  invisible  part  m  r  greater  than  the  visible  part  /  r 
for  the  latter. 

It  follows,  therefore,  that  all  objects  between  the  celestial  equator 
mq  and  the  visible  pole  n  will  be  longer  above  than  below  the 
horizon,  and  all  objects  on  the  other  side  of  the  equator  will  be  longer 
below  the  horizon  than  above  it. 

A  parallel  l!  U  to  the  celestial  equator,  whose  distance  from  the 
visible  pole  is  equal  to  the  latitude,  will  be  entirely  above  the  horizon, 
just  touching  it  at  the  point  under  the  visible  pole ;  and  a  corre- 
sponding parallel  hk^  at  an  equal  distance  from  the  invisible  pole, 
will  be  entirely  below  the  horizon,  just  touching  it  at  the  point  above 
the  invisible  pole. 

All  parallels  nearer  to  the  visible  pole  than  K  U  will  be  entirely 
above  the  horizon,  and  all  parallels  nearer  to  the  invisible  pole  than 
h  k  will  be  entirely  below  it. 

Hence  it  is  that,  in  European  latitudes,  stars  within  a  certain  lim- 
ited distance  of  the  north  or  visible  celestial  polo  never  set,  and  stars 
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At  a  correspondiDg  distance  from  the  soath  or  iDvisible  celestial  pob 
never  rise. 

The  observer  can  only  see  these  by  going  to  places  of  observation 
having  lower  latitudes. 

This  aspect  of  the  firmament  is  called  an  oblique  sphere,  the 
diurnal  motion  being  oblique  to  the  horizon. 

2367.  OhjecU  in  cel^ial  equator  equal  times  above  and  below 
horizon, —  Whether  the  sphere  be  right  or  oblique,  the  centre  of 
the  celestial  equator  being  on  the  plane  of  the  horizon,  one  half  of 
that  circle  will  be  below,  and  the  other  half  above  the  horisoo. 
Every  object  upon  it  will  therefore  be  equal  times  above  and  below 
the  horizon,  rising  and  setting  exactly  at  the  east  and  west  points. 

In  the  parallel  sphere,  the  celestial  equator  coinciding  with  the 
horizon,  an  object  upon  it  will  be  carried  round  the  horiion  by  the 
diurnal  rotation,  without  either  rising  or  setting.* 

2868.  Method  of  determining  the  longitude  of  ptacen. — Tbi« 
perfect  uniformity  of  the  earth's  rotation,  inferred  from  the  observed 
uniformity  of  the  apparent  rotation  of  the  firmament,  is  the  basis  of 
all  methods  of  determining  the  longitude.  The  longitude  of  a  plsoe 
will  be  determined  if  the  angle  under  the  meridian  of  the  place,  sod 
that  of  any  other  place  whose  longitude  is  known,  can  be  foand. 
But  since,  by  the  uniform  rotation  of  the  globe,  the  meridians  of  all 
places  upon  it  are  brought  in  regular  succession  under  every  part  of 
the  firmament,  the  moments  at  which  the  two  meridians  pass  under 
the  same  star,  or,  what  is  the  same,  the  moments  at  which  the  same 
star  is  seen  to  pass  over  the  two  meridians,  being  observed,  the 
interval  will  bear  the  same  ratio  to  the  entire  time  of  the  earth!s 
rotation  as  the  difference  of  the  longitudes  of  the  two  places  bein 
to  360°. 

To  make  this  more  clear,  let  us  take  the  case  of  two  places  P  and 
p',yi//.  701,  upon  the  equator.  If  G  be  the  centre  of  the  earth,  the 
angle  pop'  will  be  the  difference  between  the  longitudes.  Now, 
let  the  time  be  observed  at  each  place  at  which  any  particular  star 
8  is  seen  upon  the  meridian.  If  the  motion  of  the  earth  be  in  the 
direction  of  the  arrow,  the  meridian  of  p  will  come  to  the  star  before 
the  meridian  of  i*'.  This  necessarily  supposes  p  to  be  east  of  I'l 
since  the  earth  revolves  from  west  to  ca4St.  Let  the  true  interval 
of  time  between  the  passage  of  8  over  the  two  meridians  be  <,  let  T 
be  the  time  of  one  complete  revolution  of  the  globe  on  its  axis,  aod 

*  The  teacher  will  find  it  advantageous  to  exercise  the  student  in  the 
subject  of  the  preceding  paragraphs,  aided  by  an  armillary  sphere,  or,  if 
that  be  not  accessible,  by  a  celestial  globe,  which  will  serve  nearly  as  weU. 
Many  questions  will  suggest  themselves,  arising  out  of  and  deducible  lh)B 
what  haa  been  explained  above,  with  respect  to  the  various  altitudes  of  the 
sphere  in  different  latitudes. 
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let  L  be  the  difference  of  the  longitudes,  or 
the  angle  vcv^ ;  we  shall  then  have 

tiT  ::l:  360°, 
L=~x360^ 

T 

Bat  in  the  practical  solution  of  this  problem 
a  difficulty  is  presented  which  has  coi)fcrrcd 
historical  celebrity  upon  the  question,  and 
caused  it  to  be  referred  to  as  the  type  of  all 
difficult  enquiries.  It  is  supposed,  iu  what 
has  just  been  explained,  that  means  are  pro- 
vided at  the  two  places  p  and  P'  by  which 
the  absolute  moments  of  the  transit  of  the 
star  over  the  respective  meridians  may  be 
ascertained,  so  as  to  give  the  exact  interval 
between  them.  If  these  moments  be  ob- 
served by  any  form  of  chronometer,  it  would 
Ikn  be  necessary  that  the  two  chronometers  should  be  in  exact 
aeeordaoce,  or,  what  is  the  same,  that  their  exact  difference  may  bo 
known.  If  a  chronometer,  set  correctly  by  another  which  is  Fta- 
tionary  at  one  place  P,  be  transported  to  the  other  place  i»',  this 
obieet  will  be  attained,  subject,  however,  to  the  error  which  may  be 
incidental  to  the  rate  of  the  chronometer  thus  tmnsported.  If  the 
distaneea  between  the  places  be  not  considerable,  the  chronometers 
may  thns  be  brought  into  very  exact  accordance;  but  when  the 
distance  is  great,  and  that  a  long  interval  must  elapse  during  the 
trusport  of  the  chronometer,  this  expedient  is  subject  to  errors  too 
eonaiderable  to  be  tolerated  in  the  solution  of  a  problem  of  such 
cipitil  importance. 

Ik  win  be  apparent  that  the  real  object  to  be  attained  is,  to  find 
•ome  phenomenon  sufficiently  instantaneous  in  its  manifestation  to 
marie,  with  all  the  necessary  precision,  a  certain  moment  of  time. 
Snch  a  phenomenon  would  be,  for  example,  the  sudden  extinction 
of  a  oonspicnous  light  seen  at  once  at  both  places.  The  moment  of 
raeh  a  phenomenon  being  observed  by  means  of  two  chronometers 
at  the  places,  the  difference  of  the  times  indicated  by  them  would 
be  known,  and  they  would  then  serve  for  the  determination  of  the 
difference  of  the  longitudes  by  the  method  explained  above.  Several 
phenomena,  both  terrestrial  and  celestial,  have  accordingly  been  used 
for  this  purpose.  Among  the  former  may  be  mentioned  the  sudden 
extinction  of  the  oxyhydrogen  or  electric  light,  the  explosion  of  a 
rocket,  Ac. ;  among  the  latter,  the  extinction  of  a  star  by  the  disc 
of  the  moon  passing  over  it,  and  the  eclipse  of  the  satellites  of  cer- 
tain planets^  pheaoaeaa  which  will  bo  more  fully  noticed  \iCTeatlet. 

y/f.  12 
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2369.  Lftnar  method  of  finding  the  longitude.  — The  change  of 
position  of  the  moon  with  relation  to  the  sun  and  stars  being  tcij 
rapid,  affords  another  phenomenon  which  has  been  found  •f  great 
utility  in  the  determination  of  the  longitude,  especially  for  the  pur- 
poses of  mariners.  Tables  are  calculated  in  which  the  moon's  ap- 
parent distances  from  the  sun,  and  many  of  the  most  oonspionoiii 
fixed  stars,  arc  dven  for  short  intervals  of  time,  and  the  exact  tinei 
at  Greenwich  when  the  moon  has  these  distances  are  given.  If  then 
the  mariner,  observing  with  proper  instruments  the  podtioD  of  tlie 
moon  with  relation  to  these  objects,  compares  his  observed  distaneei 
with  the  tables  which  arc  supplied  to  him  in  the  Nautical  Almanack, 
he  will  find  the  time  at  Greenwich  corresponding  to  the  moment  of 
his  observation ;  and  being  always,  by  the  ordmaiy  methods^  abb 
to  determine  by  observation  the  local  time  at  the  place  of  his  olNe^ 
vation,  the  difference  gives  him  the  time  required  for  a  star  to  pan 
from  the  meridian  of  Greenwich  to  the  meridian  of  the  piice  oChii 
observation,  or  vice  versd;  and  this  time  gives  the  l<Higitadey  u 
already  explained. 

This  last  is  known  as  the  Lunar  method  of  detsrminiiio  TBI 

LONGITUDE. 

In  practice,  many  details  arc  necessary,  and  various  oalculatiooi 
must  be  made,  which  cannot  be  explained  here. 

2370.  Mtthod  hy  electric  telegraph,  —  When  two  places  are  con- 
nected by  a  line  of  electric  telegraph,  their  difference  of  lon^tude 
can  be  easily  and  exactly  detcnnined,  inasmuch  as  instantaneou 
signals  can  be  transmitted,  by  which  the  local  clocks  can  be  eom- 
pared  and  regulated,  and,  if  it  be  so  desired,  kept  in  exact  aoooid- 
ance. 

2371.  Parallels  of  latitude,  —  A  series  of  points  on  the  eartb 
which  are  at  equal  distances  from  the  equator,  or  which  have  the 
same  latitude,  form  a  circle  parallel  to  the  equator,  called  a  PABAlr 

L£L  OF  LATITUDE. 

Thus  all  places  which  have  the  same  latitude  are  on  the  same  vu- 
allel. 

All  places  which  are  on  the  same  meridian  have  tho  same  longi- 
tude. 


CHAP.  V. 

SPnEROIDAL  FORM,   MASS,   AND  DENSITY  OF  THE   EARTH. 

2372.  Progress  o/ physical  investigation  approximative, -^li^ 
the  condition  of  man,  and  probably  of  all  other  finite  inteHigcnoO) 
to  arrive  at  the  possession  of  knowledge  by  the  slow  and  hbcrioos 
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of  a  sort  of  system  of  trial  and  error.  The  first  conclusions 
:o  wbich,  ID  physical  inquiries,  ob«eryat]OD  conducts  us,  are  never 
better  than  very  rough  approximations  to  the  truth.  These  being 
fubmitted  to  subsequent  comparison  with  the  originals,  undergo  a 
fint  series  of  corrections,  the  more  prominent  and  conspicuous  de- 
ptrtures  from  conformity  being  removed.  A  second  approximation, 
bat  still  only  an  approximation,  is  thus  obtained  3  and  another  and 
itill  more  severe  comparison  with  the  phenomena  under  investiga- 
tion is  made,  and  another  order  of  corrections  is  effected,  and  a 
doser  approximation  obtained.  Nor  docs  this  progressive  approach 
to  perfect  exactitude  appear  to  have  any  limit.  The  best  results  of 
onr  intellectual  labours  are  still  only  close  resemblances  to  truth, 
the  ahflolnte  perfection  of  which  is  probably  reserved  for  a  higher 
intellectoal  stale. 

The  labours  of  the  physical  inquirer  resemble  those  of  tbo 
Molptor,  vhose  first  efforts  produce  from  the  block  of  marble  a 
rode  and  uncouth  resemblance  of  the  human  form,  which  only 
^tproacfaes  the  grace  and  beauty  of  nature  by  comparing  it  inces- 
santly and  inde&tigably  with  the  original ;  detaching  from  it  first 
the  grosser  and  rougher  protuberances,  and  subsequently  reducing 
iu  parts  by  the  nicer  and  more  delicate  touches  of  the  chisel  to  near 
eonformity  with  the  model. 

It  would,  however,  be  a  great  mistake  to  depreciate  on  this  ac- 
oocnt  the  results  of  our  first  efforts  in  the  acquisition  of  a  knowledge 
of  the  laws  of  nature.  If  the  first  conclusions  at  which  we  arrive 
are  erroneous,  they  are  not  therefore  the  less  necessary  to  the  ulti- 
mate attainment  of  more  exact  knowledge.  They  prove,  on  the 
oootrary,  not  only  to  be  powerful  agents  in  the  discovery  of  those 
corrections  to  which  they  are  themselves  to  be  submitted,  but  to  bo 
quite  indispensable  to  our  progress  in  the  work  of  investigation  and 
di:!C«>vcry. 

These  observations  will  be  illustrated  by  the  process  of  instruction 
and  didcuvery  in  every  department  of  physical  science,  but  in  none 
BO  fn^quently  and  so  forcibly  as  in  that  which  now  occupies  us. 

!2373.  Fitjure  nf  the  earth  an  example,  of  thin. — The  first  con- 
elofiiions  at  which  we  have  arrived  respecting  the  form  of  the  earth 
ii  that  it  is  a  globe ;  and  with  respect  to  its  motion  is,  that  it  is  in 
uniform  rotation  round  one  of  its  diameters,  making  one  complete 
rcvuluiion  in  twenty-four  hours  sidereal  time,  or  23^-  56™-  4  09'*- 
eommnn  or  civil  time. 

1^374.  Obibular  jitjurt  incomjxttihle  with  rotntifm.  — The  first 
qoestiun,  then,  which  presents  it^lf  is,  whether  this  form  and  rota- 
tion are  o(impatible  ?  It  in  not  difficult  to  show,  by  the  most  simple 
principles  of  physics,  that  they  arc  not )  that  with  such  a  form  such 
a  rotation  could  not  be  maintained,  and  that  with  such  a  rotation 
nch  a  form  could  not  pcTmuieaHy  coDtjaae.    And  if  this  can  Viq 
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oeftainly  established^  it  will  bo  neceflstry  to  reiraoe  oor  stepe,  to 
submit  our  former  conclusious  to  more  rigorous  oomparison  with  the 
objects  and  phenomena  from  which  they  were  derived,  and  aaoertun 
which  of  them  is  inexact,  and  what  is  the  modification  and  ooneetioQ 
to  which  it  must  be  submitted  in  order  to  be  brought  into  harmonj 
with  the  other. 

2375.  Rotation  cannot  be  modified  —  mppoBfd  forfn  may. — 
The  conclusion  that  the  earth  revolves  on  its  axis  with  a  motkm 
corresponding  to  the  apparent  rotation  of  the  firmament,  is  ooe  wbidi 
admits  of  no  modification,  and  must  from  its  nature  be  either  abso- 
lutely admitted  or  absolutely  rejected.  The  globular  form  impaled 
to  the  earth,  however,  has  been  inferred  from  observatioiiB  of  a 
general  nature,  unattended  by  any  conditions  of  exact  meaanireiiieDti 
and  which  would  be  equally  compatible  with  innumerable  formsi 
departing   to   a  very  considerable  and    measurable   extent  from 

that  of  an  exact  geometrical  sphen 
or  globe. 

2376.  How  rotation  would  afid 
the  superficial  gravity  on  a  ffhthe. — 
Jjet  N  Q  s,  fiff.  702,  represent  a  sm- 
tion  of  a  globe  suppcNited  to  have't 
motion  of  rotation  round  the  diameter 
N  s  as  an  axis.  Every  point  on  iti 
surface,  such  as  P  or  P',  will  revolre 
in  a  circle,  the  centre  of  which  om</ 
will  be  upon  the  axis,  and  the  radiiifl 
o  p  or  f/  v^  will  gradually  decrease  in 
approaching  the  poles  N  and  8,  where 
no  motion  takes  place,  and  will  gra- 
dually increase  in  approaching  the  equator  Q  0  Q,  where  the  circle 
of  rotation  will  be  the  equator  itself. 

A  body  placed  at  any  part  of  the  surface,  such  as  P,  being  thos 
carried  round  in  a  circle,  will  be  affected  by  a  centrifugal  force,  the 
intensity  of  which  will  be  expressed  by  (314) 

c  =  1-226  X  R  X  N*  X  w, 

where  r=po,  the  radius  of  the  circle,  N  the  fraction  of  a  revolution 
made  in  one  second,  and  w  the  weight  of  the  body,  and  the  direc- 
tion of  which  is  vc. 

This  centrifugal  force  being  expressed  by  p  c  is  equivalent  ^70) 
to  two  forces  expressed  in  intensity  and  direction  by  Pm  ana  P«. 
The  component  p  m  is  directly  opposed  to  the  weight  w  of  the  body, 
which  acts  in  the  line  p  o  directed  to  the  centre,  and  has  the  effect 
of  diminishing  it.  The  component  p  n  being  directed  towards  the 
equator  q,  has  a  tendency  to  cause  the  body  to  move  towards  the 
equator;  and  the  body,  if  free,  would  necessarily  so  move. 


Fig.  702. 
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Now  it  will  be  erideDty  by  tbe  mere  inspeotion  of  tbo  diagram, 
that  tbe  nearer  the  point  p  is  to  the  equator  Q,  the  more  directly 
will  the  centrifugal  force  P  c  be  opposed  to  the  weight,  and  conse- 
quently tbe  greater  will  be  that  component  of  it,  Fm,  which  will 
have  the  effect  of  diminishing  the  weight. 

But  this  diminution  of  the  weight  is  further  augmented  by  the 
increase  of  the  actual  intensity  of  Uie  centrifugal  force  itself  in  ap- 
poaching  the  equator.  By  the  above  formula,  it  appears  that  the 
intenaity  of  tbe  centrifugal  force  must  increase  in  proportion  as  the 
ndioa  R  or  po  increases.  Now  it  is  apparent  that  po  increases 
gradually  in  going  from  P  to  Q,  since  1/  &  \a  greater,  and  q  o  greater. 
■till  than  Po;  and  that,  on  the  other  hand,  it  decreases  in  going  from 
p  to  M  or  8,  where  it  becomes  nothing. 

Thus  the  effect  of  the  centrifugal  force  in  diminishing  weight 
being  nothing  at  the  pole  N  or  s,  gradually  increases  in  approaching 
the  equator ;  fint,  because  its  absolute  intensity  gradually  increases ; 
and  $econdfyy  because  it  is  more  and  more  directly  opposed  to  gravity 
until  we  arrive  at  the  equator  itself,  where  its  intensity  is  greatest, 
and  where  it  is  direptly  opposed  to  gravity. 

The  effects,  therefore,  produced  by  the  rotation  of  a  globe,  such 
as  the  earth  has  been  assumed  to  be,  are  — 1°.  The  decrease  of  the 
weights  of  bodies  upon  its  surface,  in  going  from  the  pole  to  the 
equator;  and  2°.  A  tendency  of  all  such  bodies  as  are  free  to 
moTC  from  higher  latitudes  in  either  hemisphere  towards  the  ec^uator. 

2377.  Amount  of  the  diminution  of  weigJu  produced  at  the 
equator  by  caUri/ugal  force.  —  This  quantity  may  be  easily  com- 
puted by  means  of  the  formula 

0  =  1-226  X  R  X  n'  X  W. 

Taking  the  radius  of  the  equator  in  round  numbers  (which  are  suf- 
ficient for  this  purpose)  at  4000  miles,  and  reducing  it  to  feet,  and 
reducing  the  time  of  rotation  23^'  56"*'  4  09'*  to  seconds,  we  shall 
have 

R  =  21,120.000,         N  =     ^       : 
'     ^      '  86,104 

substituting  these  numbers  we  have 

c  =  1,226  X  21,120,000  x  r^g^^^x  w; 
and  executing  the  arithmetical  operations  here  indicated,  we  find 

The   centrifugal  force  would  therefore  be  the  287th  part  of  the 

weight,  and  aa  it  is  directly  opposed  to  gravity,  the  weight  would 

auatain  thia  entire  loss. 

10* 
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2878.  Lo$t  of  weft/hi  at  other  latttudei,  —  The  oentrifngal  ftns 
at  any  latitude  p  would  be  less  than  at  Q  in  the  ratio  of  OQ  tooP. 
But  the  part  of  this  P  m  which  is  directly  opposed  to  the  weight  ii 
less  than  the  whole  P  r,  in  the  ratio  of  p  c  to  p  m,  or,  what  u  tk 
same,  of  P  o  or  o  Q  to  p  o.  If  then  cf  cxpreas  the  whole  oentri< 
fngal  force  at  p,  and  c"  that  part  of  it  which  is  directly  opposed  ti 
gravity,  we  shall  have 

2S7      OQ  OQ      287      \)Q^ 

po 

The  number  which  expresses  —  is  that  which  is  called  in  Te 

'^  OQ 

gonomctry  the  cosinC/Of  the  arc  P  Q,  that  is,  the  cosine  of  the  III 
tude.     Therefore  wc  have 

1 
c"  =^^  X  cos."  lat 

The  loss  of  wciglit,  therefore,  which  would  be  sustained  by  rcasc 
of  the  centrifugal  force  at  any  proposed  latitude,  would  be  a  fri 
tion  of  the  whole  weight,  found  by  dividing  the  square  of  the  cosi] 
of  latitude  by  287. 

2379.  I^fftrf  of  rcnfri/itf/nl  force  on  the  geographical  conditk 
of  the  surface  of  the  ghlte.  —  In  what  precedes,  we  have  only  co 
sidered  the  eflfect  of  that  one,  p  m,  of  the  two  components  of  tl 
centrifugal  force  which  is  opposed  to  the  weight.  It  remains 
examine  the  effect  of  the  other,  p  ft,  which  is  directed  towards  tl 
equator. 

If  the  surface  of  the  globe  were  composed  altogether  of  sol 
matter,  of  such  coherence  as  to  resist  separation  by  the  agency  ( 
this  force,  no  other  effvct  would  take  place  except  a  tendem 
towards  the  equator,  which  would  l)c  neutralized  by  cohesion.  Bi 
if  the  surface  or  any  parts  of  it  were  fluid,  whether  liquid  or  gi 
eous,  such  pjirts,  in  virtue  of  their  mobility,  would  yield  to  tl 
impulse  of  the  element  p  n  of  the  centrifugid  force,  and  won 
flow  towards  the  e<|uator.  The  waters  of  the  hurfaee  would  thi 
flow  from  the  hi<:;her  latitudes  in  eiihcr  hemisphere,  and  accum 
lating  round  the  equator,  the  surface  of  the  gK>be  would  be  resoly< 
into  two  great  polar  continents,  separated  by  a  va:9t  cquatori 
ocean. 

2380.  Such  effects  not  ej'hthig^  fhe  earth  cannot  be  an  exa 
gl(/be.  —  But  such  is  not  the  actual  gcogniphical  condition  of  tl 
surface  of  the  globe.  On  the  contniry,  although  about  two-thir 
of  it  arc  covered  with  water,  no  tendency  of  that  fluid  to  accum 
late  more  about  the  e<)uator  than  elsewhere  is  manifested.  Iai 
and  water,  if  not  indifferently  distributed  over  the  surface,  are  oc 
tainly  not  apportioned  so  as  to  indicate  any  tendency  such  as  tfa 
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ifeve  described.  If,  iherefore,  the  rotation  of  the  earth  be  admit- 
ted, it  follows  that  its  figure  must  be  such  as  to  counteract  the  ten- 
deiiey  of  fluid  matter  to  flow  towards  any  one  part  of  the  surface 
nHher  than  any  other.  In  short,  its  figure  must  be  l&nch  that 
giafity  itself  shall  counteract  that  element  P  n  of  the  centrifugal 
krce  which  tends  to  moye  a  body  from  the  higher  latitudes  of  cither 
kmisphere  towards  the  equator. 

2381.  The  figure  mutt  therefore  he  nome  wort  of  oblate  xplieroid, 
—  Now  this  condition  would  be  fulfilled,  if  the  earth,  instead  of 
being  an  exact  sphere,  were  an  oblate  spheroid,  having  a  certain 
definite  ellipticity,  —  that  is,  a  figure  which  would  be  produced  by 
an  ellipae  reTolving  round  its  shorter  axis.  Such  a  figure  would  re- 
semble an  orange  or  a  turnip.  It  would  be  more  convex  at  the 
equator  than  at  the  poles.  A  globe  composed  of  elastic  materials 
would  be  reduced  to  such  a  figure  by  pressing  its  poles  together,  so 
as  to  flatten  more  or  less  the  surface  of  these  points,  and  produce  a  pro- 
tuberance around  the  equator.  The  meri- 
dians of  such  a  globe  would  be  ellipses, 
having  its  axis  as  their  lesser  axis,  and 
the  diameters  of  the  equator  as  their 
greater  axes. 

The  form  of  the  meridian  would  be 
such  as  is  represented  in  fig.  703,  n  s 
beiD£r  the  axis  of  rotation,  and  je,  q  the 
*'  equatorial  diameter. 

2382.  It*  ellipticity  must  depend  on  gravity  and  centrifugal 
force,  —  The  protuberance  arouud  the  equator  may  be  more  or  less, 
aocording  to  the  ellipticity  of  the  spheroid )  but  since  the  distribu- 
tion of  land  and  water  is  indifferent  on  the  surface,  having  no  preva- 
lence about  the  equator  rather  than  about  the  poles,  or  vice  versa ^ 
it  is  evident  that  the  degree  of  protuberance  must  be  that  which 
eoonteracta,  and  no  more  than  counteracts,  the  tendency  of  the 
fiaidsy  in  virtue  of  the  centrifugal  force,  to  flow  towards  the  equator. 
Thif  protuberance  may  be  considered  as  equivalent  in  its  effects  to 
an  acclivity  of  regulated  inclination,  rising  from  each  pole  towards 
the  equator.  To  arrive  at  the  equator,  the  fluid  must  ascend  this 
acclivity,  to  which  a^icent  gravity  opposes  itself,,  with  a  force  de- 
pending on  its  steepness,  which  increases  with  the  magnitude  of  the 
protuberance,  or,  what  is  the  saifie,  with  the  ellipticity  of  the  sphe- 
roid. If  the  ellipticity  be  less  than  is  necessary  to  counteract  the 
effect  of  the  centrifugal  force,  the  fluid  will  still  flow  to  the  equator, 
and  the  earth  would  consist,  as  before,  of  a  great  equatorial  ocean 
separating  two  vast  polar  continents.  If  the  ellipticity  were  greater 
than  is  necessary  to  counteract  the  effect  of  the  centrifugal  force, 
then  gravity  would  prevail  over  the  centrifugal  force,  and  the  waters 
would   flow  down   the  acclivities  of   tho  excessive    protuberance 
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towards  the  poles,  and  the  earth  would  consist  of  a  vast  eqnatoiU 

coDtiueDt  separating  two  polar  oceans. 

Since  the  geographical  condition  of  the  sorfaoe  of  the  earth  is  not 
consistent  with  either  of  these  consequences,  it  is  evident  that  ito 
figure  roust  be  an  oblate  spheroid,  haying  an  elliptioitj  exactlj  c» 
responding  to  the  variation  of  gravity  upon  its  Bozfiiee,  due  to  the 
combined  effect  of  the  attraction  exerted  by  its  constituent  ptrti 
upon  bodies  placed  on  its  sur&ce,  and  the  centrifugal  force  ariiiDg 
from  its  diurnal  rotation. 

It  remains,  therefore,  to  determine  what  this  partiealar  depee  of 
ellipticity  is,  or,  what  is  the  same,  to  determine  by  what  hwSm  of 
its  whole  length  the  equatorial  diameter  jbq  exceeds  the  pofar 
axis  NS. 

2383.  EUipiicity  may  he  caladaUd  and  meamired^  and  Ifts  iv- 
9idU  compared. — ^The  degree  of  ellipticity  of  the  terreelrial  sphsroid 
may  be  found  by  theory,  or  ascertained  by  observation  and  measun- 
ment,  or  by  both  these  methods,  in  which  case  the  accordance  or 
discrepancy  of  the  results  will  either  prove  the  validity  of  tlie 
reasoning  on  which  the  theoretical  calculation  is  founded,  or  indicate 
the  conditions  or  data  in  such  reasoning  which  must  be  m&dified. 

Both  these  methods  have  accordingly  been  adopted,  and  their  re- 
sults are  found  to  be  in  complete  harmony. 

2384.  Ellipticity  calculated. — The  several  quantities  which  are 
involved  in  this  problem  are  : — 

1.  The  time  of  rotation  =  R. 

2.  The  fraction  of  its  whole  length  by  which  the  equat(Mrial  ex- 

ceeds the  polar  diameter  =  e. 

3.  The  fraction  of  its  whole  weight  by  which  the  weight  of  i 

body  at  the  pole  exceeds  the  weight  of  the  same  body  it 
the  equator  =:  w, 

4.  The  mean  density  of  the  earth. 

5.  The  law  according  to  which  the  density  of  the  strata  varies  in 

proceeding  from  the  surface  to  the  centre. 

All  these  quantities  have  such  a  mutual  dependence,  that  when 
some  of  them  are  given  or  known,  the  others  may  be  found. 

In  whatever  way  the  solution  of  the  problem  may  be  approached, 
it  is  evident  that  the  form  of  the  spheroid  must  be  the  same  as  it 
would  be  if  the  entire  mass  of  the  earth  were  fluid.  If  this  wen 
not  so,  the  parts  actually  fluid  would  not  be  found,  as  they  are  al- 
ways, in  local  equilibrium.  The  state  of  relative  density  of  the 
strata  proceeding  from  the  surface  to  the  centre  is,  however,  not  eo 
evident.  Newton  investigated  the  question  by  ascertaining  the  form 
which  the  earth  would  assume  if  it  consisted  of  fluid  matter  of  ani- 
form  density  from  the  surface  to  the  centre ;  and  the  result  of  bis 
analysis  was  that,  in  that  case,  assuming  the  time  of  rotation  to  bo 
what  it  is,  the  equatorial  diameter  must  exceed  the  polar  by  the 
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280th  part  of  its  whole  length,  and  graTity  at  the  pole  mnst  exceed 
gravity  at  the  equator  by  the  same  fraction  of  its  entire  force. 

Aft  physical  science  progressed,  and  mathenjatical  analysis  "^aa 
brought  to  a  greater  state  of  perfection,  the  same  problem  was  in- 
vestigated by  (/iairault  and  several  other  mathematicians,  under  more 
rigorous  oonditions.  The  uniform  density  of  the  constituents  of 
the  earth — a  highly  improbable  supposition — was  put  aside,  and  it 
was  assumed  that  the  successive  strata  from  the  centre  to  the  surface 
iocrtased  in  density  according  to  some  undetermined  conditions.  It 
was  assumed  that  the  mutual  attraction  of  all  the  constituent  parts 
opoo  any  one  part,  and  the  effect  of  the  centrifugal  force  arising 
from  the  rotation,  are  in  equilibrium ;  so  that  every  particle  com- 
posing the  spheroid,  from  its  centre  to  its  surface,  is  in  repose,  and 
would  remain  so  were  it  free  to  move. 

By  a  complicated  and  very  abstruse,  but  perfectly  clear  and  certain 
natheuatical  analysis,  it  has  been  proved  that  the  quantities  above 
mentioned  iukve  the  following  relation.  Let  r  express  a  certain 
number,  the  amount  of  which  will  vary  with  R.    Wc  shall  then  have 

c  -{•  w  =  r. 

Now  it  has  been  shown  that  when  R  =  23**-  56™*  4-09%  the  number 
r  vfill  be  f\j,  so  that  in  effect 
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This  result  was  shown  to  be  true,  whatever  may  be  the  law  ac- 
cording to  which  the  density  of  the  strata  varies. 

It  further  results  from  these  theoretical  researches  that  the  mean 
density  of  the  entire  terrestrial  spheroid  is  about  twice  the  mean 
density  of  its  superficial  crust. 

It  follows  from  this  that  the  density  of  its  central  parts  must 
greatly  exceed  twice  the  density  of  its  crust. 

It  remains,  therefore,  to  see  how  far  these  results  of  theory  arc  in 
accordance  with  those  of  actual  observation  and  measurement. 

2385.  Elljpticitt^  of  terrestrial  spheroid  htf  observation  and  mea- 
iur€m^ni,—T[  a  terrestrial  meridian  were  au  exact  circle,  as  it  would 
necessarily  be  if  the  earth  were  an  exact  globe,  every  part  of  it 
would  have  the  same  curvature.  But  if  it  were  ah  ellipse,  of  which 
the  polar  diameter  is  the  lesser  axis,  it  would  have  a  varying  curva- 
ture, the  convexity  being  greatest  at  the  equator,  and  least  at  the 
poles.  If,  then,  it  can  be  ascertained  by  observation,  that  the 
curvature  of  a  meridian  is  not  uniform,  but  that  on  the  contrary  it 
increases  in  going  towards  the  Line,  and  diminishes  in  going  towards 
the  poles,  we  shall  obtain  a  proof  that  its  form  is  that  of  an  oblate 
spheroid. 

To  comprehend  the  method  of  ascertaining  this,  it  must  be  con- 
sidered that  the  curvature  of  circles  diminishes  as  their  diameters 
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are  augmented.  It  is  cTidcDt  that  a  drclo  of  one  foot  in  diameter 
has  a  less  degree  of  carvature,  and  is  less  convex  than  a  circle  one 
inch  in  diuinetor.  But  an  arc  of  a  circle  of  a  given  angular  magni- 
tude/such  for  example  as  P,  has  a  length  proportional  to  the  diame- 
ter. Thus,  an  arc  of  1^  of  a  circle  a  foot  in  diameter,  is  twelfe 
times  the  length  of  an  arc  of  1^  of  a  circle  an  inch  in  diameter. 
The  curvature,  therefore,  increases  as  the  length  of  an  arc  of  P 
diminishes. 

If,  therefore,  a  degree  of  the  meridian  be  observed,  and  measured, 
by  the  process  already  explained  (23 IT),  at  different  latttodes,  and 
it  is  found  that  its  length  is  not  uniformly  the  same  as  it  would  be 
if  the  meridian  were  a  circle,  but  that  it  is  less  in  approaohing  tb 
equator,  and  greater  in  approaching  the  pole,  it  will  foUow  tm  tb 
convexity  or  curvature  increases  towards  the  equator,  and  dimiuiba 
towards  the  poles ;  and  that  consequently  the  meridian  baa  the  form, 
not  of  a  circle,  but  of  an  ellipse,  the  leaser  axis  of  which  ia  the  polar 
diameter.  * 

Such  observations  have  accordingly  been  made,  and  the  lengtb 
of  a  degree  in  various  latitudes,  from  the  Line  to  66^  N.  and  to  35^ 
8.,  have  been  measured,  and  found  to  vary  from  363,000  foet  on  the 
Line  to  367,000  feet  at  lat.  66°. 

From  a  comparison  of  such  measurements,  it  has  been  ascertained 
that  the  equatorial  diameter  of  the  spheroid  exceeds  the  polar  bj 
,  J  ^jtlrof  its  length.     Thus  (2384) 

e=J_ 

*'""300* 

2386.  Variation  of  gravity  hy  observation. — The  manner  in 
which  the  variation  of  the  intensity  of  superficial  gravity  at  diflferent 
latitudes  is  ascertained  by  means  of  the  pendulum,  has  been  already 
explained  (552).  From  a  comparison  of  these  observations  it  hu 
been  inferred  that  the  effective  weight  of  a  body  at  the  pole  exceeds 
its  weight  at  the  equator  by  about  the  jj,jth*  part  of  the  whole 
weight. 

2387.  Accordance  of  tJiese  resufts  with  theory.  —  By  compariog 
these  results  with  those  obtained  by  Newton,  on  the  supposition  of 
the  uniform  density  of  the  earth,  a  discrepancy  will  be  found  suffi- 
cient to  prove  the  falsehood  of  that  supposition.  The  value  of  t 
foun(f  by  Newton  is  t^J^,  its  actual  value  being  j^^,  and  thajt  of  « 
•3^0'  ^^  actual  value  beiog  j|,,. 

On  the  other  hand,  the  accordance  of  these  results  of  observadoa 
and  measurement  with  the  more  rigorous  conclusions  of  later  re- 
searches is  complete  and  striking. 

*  Different  values  are  assignod  to  this —  Sir  John  Herschel  prsfert  Ap 
-the  Astronomer  Kojal  j\^.  We  have  taken  a  mean  between  these 
estimates. 
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B  the  raklfam  beivraen  e  and  w,  explained  in  (2884), 

Mtitote  for  w  the  valae  jg^,  obtained  by  obBervationy  we  find 

_Jl l__J_ 

^"'IIS     187  ""300' 
is  the  yalno  of  e  obtained  by  compntation  founded  on  mea- 

BOt. 

i8.  Diminuiicn  of  weight  due  to  ellipticity,  —  It  has  been 
y  ahomi  (2377)  that  the  loss  of  weight  at  the  equator  doe  to 
BCrifngal  foroe  is  the  287th  of  the  entire  weight.  From  what 
sen  sUted  (2386),  it  appears  that  the  actual  loss  of  weight  at 
lator  is  greater  than  this,  being  the  187th  part  of  the  entire 
L     The  difference  in  these  is 

J L-_L  ^ 

187       287  ""  537* 

learsy  thcreibrey  that  while  the  287th  part  of  the  weight  is 
ed  by  the  ceotrifugal  foroe,  the  actual  attraction  exerted  by 
rth  upon  a  body  at  the  equator  is  less  than  at  the  pole  by  the 
*  part  of  the  whole  weight.  This  diffcreuoe  is  due  to  the 
»I  form  of  the  meridian,  by  which  the  distance  of  the  body 
he  centre  of  the  earth  is  augmented. 

9.  Actual  linear  dimensions  of  the  terrestrial  spheroid.  —  It 
enough  to  know  the  proportions  of  the  earth.  It  is  required 
mnine  the  actual  dimensions  of  the  spheroid.  The  following 
«  lengths  of  the  polar  and  equatorial  diameters,  according  to 
nlputations  of  the  most  eminent  and  retent  authorities : — 


BmnI. 

Ai>7. 

MilM. 
7W9'114 
792&-6M 
26-471 

1 

Mita. 
7809-170 
79S5-M8 
28-478 

1 

flirrtel  ikiinrttr  

■  of  Clw  Miifatorla]  ezprened  la  a  fraetion  of) 
UmOtmkngQk / 

•JM-Wt 

sio-ssd 

lose  coincidence  of  these  results  supplies  a  striking  example  of 
msion  to  which  such  calculations  have  been  brought. 
t  dqiartnre  of  the  terrestrial  spheroid  from  the  form  of  an 
(^obe  18  so  inconsiderable  that,  if  an  exact  model  of  it  turned 
fy  were  placed  Before  us,  we  could  not,  either  by  sight  or 
distinguish  it  from  a  perfect  billiard  ball.     A  figure  oia  me- 

•Jkcoording  to  ffenchel,  the  d90lh  part 
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Fig.  704. 


ridian  aceanitely  drawn  <m  paper  could  only  be  distinginabed  ftoa 
a  circle  by  the  most  precise  meaaarement  If  the  major  axis  of 
such  an  ellipse  were  cquul  in  length  to  the  page  now  nnder  the  eye 
of  the  reader,  the  lesser  axis  would  fall  ahort  of  the  same  length  )im 
than  the  fortieth  of  an  inch. 

2390.  IHmeufiwun  of  the  fpheroufal  equatorial  rxcesB,  —  If  t 
sphere  nqsq  bo  imagined  to  be  inscribed  within  the  terrestrial  sphe- 
roid having  the  polar  axis  N  s,  fig. 
704,  for  its  diameter,  a  spheroidal 
shell  will  be  included  between  its 
surface  and  that  of    the  spheroid 
composed  of  the  protuberant  natter, 
having  a  thickness  Qo  of  18  milei 
at  the  equator,  and  becoming  gra- 
dually thinner  in  proceeding  to  tha 
poles,  where  its  thickne.'«  vaniabei. 
This   shell,  which  constitutes  the 
equatorial  excess  of  the  sphcnnd, 
and   which,  as  will   hereaher  ap- 
pear, has  a  density  of  not  more  than  half  the  mean  density  of  the 
earth,  the  bulk  of  which,  moreover,  would  be  imperceptible  upon  a 
mere  inspection  of  the  spheroid,  is  nevcrthelet<s  attended  with  moat 
important  effects^  and  by  its  gravitation  is  the  origin  of  most  strikiiig 
phenomena,  not  only  in  relation  to  the  moon,  but  also  to  the  fax 
more  distant  mass  of  the  sun. 

2391.  Density  and  tnnas  of  the  earth  hy  observation, — Tha 
magnitude  of  the  earth,  being  known  with  great  precision,  the  d^ 
termination  of  its  mass  and  that  of  its  mean  density  become  one  and 
the  same  problem,  since  the  comparison  of  its  mass  with  its  magai- 
tude  will  give  its  mean  density,  and  the  comparison  of  its  mean 
density  with  it^  magnitude  will  give  its  mass. 

The  methods  of  ascertaining  the  mass  or  actual  quantity  of  matter 
contained  in  the  earth,  arc  all  based  upon  a  comparison  of  the  gn> 
vitatinff  force  or  attraction  which  the  earth  exerts  npon  an  objeek 
with  the  attraction  which  some  other  body,  whose  mass  is  ezaetly 
known,  exerts  on  the  same  object.  It  is  assumed,  as  a  postulate  or 
axiom  in  physics,  that  two  masses  of  matter  which  at  eqnal  distanees 
exert  eaual  attractions  on  the  same  body,  must  be  equal.  But  u  it 
is  not  always  possible  to  brine  the  attracting  and  attracted  bodies  to 
equal  distances,  their  attractions  at  unequal  distances  may  be  ob- 
served, and  the  attractions  which  they  would  exert  at  equal  distancei 
may  thence  be  inferred  by  the  general  law  of  gravitation,  by  whieh 
the  attraction  exerted  by  the  same  body  increases  as  the  square  of 
the  distance  from  it  is  diminished. 

Thus,  if  £  bo  the  mass  of  the  earth,  a  the  attraction  it  ezertB  at 
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the  du^Dce  D  from  its  centre  of  gnvity,  and  a'  the  attraction  it 
exerts  at  any  other  distaooe  i/,  we  have — 

a:  a'::d'*:d'; 
and  therefore 

d'* 

If  a  be  the  attraction  which  any  mass  m  of  known  quantity  cx- 
nta  at  the  distance  l/  upon  the  same  body  upon  which  the  earth 
exerts  the  attraction  a',  we  shall  have — 

E  •  ttl  S !  A  I  CI  ^ 

and  therefore 

a'  A        D» 

a  a      u* 

H  therefore,  the  mass  m,  the  ratio  of  the  attractions  A  and  a,  and 
Ibe  ratio  of  the  distances  D  and  d\  be  respectively  known,  the  mass 
I  of  the  earth  can  be  computed. 

2392.  Dr.  Ma*kelyne*9  tolutxon  by  the  attraction  of  SckehaUieii. 
— This  celebrated  problem  consisted  in  determiniDg  the  ratio  of  the 
mean  density  of  a  mountain  called  Schehallien,  in  Pertbsbire,  to  that 
of  the  earth,  by  ascertaining  the  amount  of  the  deviation  of  a 
plamb-line  from  the  direction  of  the  true  vertical  produced  by  the 
locil  attraction  of  the  mountain. 

To  render  this  method  practicable,  it  is  necessary  that  the  moun- 
tain selected  be  a  solitary  one,  standing  on  an  extensive  plain^  since 
otherwise  the  deviation  of  the  plumb-line  would  be  affected  by 
■dghboaring  eminences  to  an  extent  which  it  might  not  be  possible 
to  estimate  with  the  necessary  precision.  No  eminence  sufficiently 
eonsiderable  exists  near  enough  to  Schehallien  to  produce  such  dis- 
tarhanoe. 

The  mountain  ranging  east  and  west,  two  stations  were  selected 
on  its  northern  and  sontbcm  acclivities,  so  as  to  be  in  the  same  me- 
lidian,  or  yery  nearly  so.  A  plumb-line,  attached  to  an  instrument 
called  a  lenith  sector,  adapted  to  measure  with  extreme  accuracy 
nnall  lenith  distances,  was  brought  to  each  of  these  stations,  and 
the  distance  of  the  same  star,  seen  upon  the  meridian  from  the  di- 
reeUons  of  the  plumb-line,  were  observed  at  both  places. 

Tb^  difference  between  those  distances  gave  the  angle  under  the 
two  directions  of  the  plumb-line.  This  will  be  more  clearly  under- 
stood by  reference  to  Jig,  705,  where  P  and  p^  represent  the  points 
of  suspension  of  the  two  plumb-lines.  If  the  mountain  were  re- 
moved, they  would  hang  in  the  direction  p  c  and  p^  c  of  the  earth's 
entrSi  snd  their  directions  would  be  inclined  at  the  angle  pcp'. 
Bst  the  attraction  exerted  by  the  interjacent  mass  produces  on  each 
fide  a  slight  deflection  Upwards  the  mouDtuia^  ao  that  the  two  diiec- 

m,  13 


Fig.  705. 

Now  by  means  of  the  leDith  sector  the  disti 
the  points  z  and  it  from  any  star  such  as  s,  ean 
precision  so  extreme  as  not  to  be  subject  to  a 
small  fraction  of  a  second.     The  difference  of  *^^ 
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To  Je(«nninfl  the  magnitude  of  the  angle  pcp',  therefore,  the 
cct  dbtance  between  the  statione  p  and  f^  is  ascertaioed  by 
king  a  survey  of  the  mountain,  whichy  as  will  presently  appear, 
iIsA  Dcce«8ary,  in  order  to  determine  its  exact  volume.  For 
rj  faaudred  feet  in  the  distance  between  p  and  p^  there  will  be 
io  the  angle  p  c  F^  (^319).  Ending,  therefore,  the  direct  dis- 
oe  between  p  and  P'  in  feet,  and  dividing  it  by  100,  we  shall 
e  the  angle  p  c  p^  in  seconds. 

D  the  ease  of  the  experiment  of  Dr.  Maskelyne,  which  was  made 
774,  the  angle  PC^  was  found  to  be  41",  and  the  angle  pc  p' 
.  The  sum  of  the  two  deflections  was  therefore  12". 
he  survey  of  the  mountain  supplied  the  data  necessary  to  deter- 
e  its  actual  volume  in  cubic  miles,  or  fraction  of  a  cubic  mile, 
elaborate  examination  of  its  stratification,  by  means  of  sections, 
Dgs,  and  the  other  usual  methods,  supplied  the  data  necessary 
letermine  the  weights  of  its  component  parts,  and  thence  the 
;ht  of  its  entire  volume ;  and  the  comparison  of  this  weight  with 
olume  gave  its  mean  density. 

f  the  mean  densit/  of  the  earth  were  equal  to  that  of  the  moun- 
,  the  entire  weight  of  the  earth  would  be  greater  than  that  of 
mountain,  in  exactly  the  same  proportion  as  the  entire  volume 
be  earth  exceeds  that  of  the  mountain ;  and  these  volumes  being 
rn,  the  weight  E  of  the  earth  on  that  supposition  was  computed, 
by  the  formula  given  in  (2391),  or  others  based  upon  the  same 

nples,  the  ratio  -  of  the  attraction  of  the  earth  to  that  of  the 

ntain  was  computed,  and  thence  the  sum  of  the  deflections  which 
mountain  would  produce  was  found,  which  instead  of  12"  was 
t  24".  It  followed,  therefore,  that  the  density  of  the  earth  must 
onble,  or,  more  exactly,  eighteen-tenths  of  that  of  the  moun- 
in  order  to  reduce  the  deflections  to  half  their  computed  amount, 
he  mean  density  of  the  mountain  having  been  ascertained  to  be 
It  2i  tiroes  that  of  water,  it  followed,  therefore,  that  the  mean 
ity  of  the  earth  is  about  five  times  that  of  water. 
393.  Cavenduh*$  tolution.  —  At  a  later  period  Cavendish  made 
experiment  which  bears  his  name,  in  which  the  attraction  exerted 
h»  earth  upon  a  body  on  its  surface  was  compared  with  the  at- 
tioD  exerted  by  a  large  metallic  ball  on  the  same  body ;  and  this 
irinent  was  repeated  still  more  recently  by  Dr.  Reich,  and  by 
lata  Mr.  Francis  Baily,  as  the  active  member  of  a  committee  of 
Boyal  Astronomical  Society  of  London.  All  these  several  ex- 
Bentera  proceeded  by  methods  which  difiered  only  in  some  of 
r  praetioal  details,  and  in  the  conditions  and  precautions  adopted 
btnitt  mora  aeeurate  results. 

B  tiM  apparmtua  used  by  Mr.  Baily,  the  latest  of  them,  the  at- 
dng  bodies  with  which  the  globe  of  the  earth  was  oomparod 
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were  two  balls  of  lead,  each  a  foot  in  diameter.  The  bo^es  apoD 
which  their  attraction  was  manifested  were  small  ballsy  about  two 
inches  in  diameter.  The  former  were  supported  on  the  ends  of  an 
oblong  horizontal  stage,  capable  of  being  tnmed  round  a  Tertiotl 
axis  supporting  the  stage  at  a  point  midway  between  them.  Let  J^. 
706  represent  a  plan  of  the  apparatus.    The  large  metallio  balls  B  aod 


'/ 


X 

J 


Kg.  70«. 


b'  are  supported  upon  a  rectangular  stage  represented  bj  the  dattil 
lines,  und  so  mounted  as  to  bo  capable  of  being  tamed  roand  iH 
centre  c  in  its  own  plane.  Two  small  balls  a,  Oy  about  two  inibi 
in  diameter,  are  attached  to  the  ends  of  a  rod,  so  that  the  dialaMe 
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between  thair  oeDtres  shall  be  nearly  equal  to  b  b'.  This  rod  is  sup- 
ported at  c  by  two  fioe  wires  at  a  very  small  distance  asander,  so 
that  the  balls  will  be  in  repose  when  the  rod  a  a'  is  directed  in  the 
plaoe  of  the  wires,  and  can  only  be  tnmed  from  that  plane  by  the 
aetioD  of  a  small  and  definite  force,  the  intensity  of  which  can  always 
be  ascertained  by  the  angle  of  deflection  of  the  rod  aa\  The  exact 
direction  of  the  rod  a  o^  is  observed,  without  approaching  the  appa- 
ratus, by  means  of  two  small  telescopes  T  and  t',  and  the  extent  of 
its  departure  from  its  position  of  equilibrium  may  bo  measured  with 
great  precision  by  micrometers. 

In  the  performance  of  the  experiment  a  multitude  of  precautions 
were  taken  to  remove  or  obviate  various  causes  of  disturbance,  such 
IS  currents  of  air,  which  miffht  arise  from  unequal  changes  of  tem- 
perature which  need  not  be  described  here. 

The  large  balb  being  first  placed  at  a  distance  from  the  small 
ones,  the  direction  of  the  rod  in  its  position  of  equilibrium  was  ob- 
lerved  with  the  telesoopes  ti<.  The  stage  supporting  the  large 
lialls  was  then' turned  until  they  were  brought  near  the  small  ones, 
IS  represented  at  B  sf.  It  was  then  observed  that  the  small  balls 
vere  attracted  by  the  large  ones,  and  the  amount  of  the  deflection 
of  the  rod  a  a'  was  observed. 

The  frame  supporting  the  large  balls  was  then  turned  until  b  was 
brought  to  6,  and  b'  to  6^,  so  as  to  attract  the  small  balls  on  the 
other  side,  and  the  deflection  of  a  a!  was  again  observed.  In  each 
cue  the  amount  of  the  deflection  being  exactly  ascertained,  tbe  in- 
tensity of  the  deflecting  force,  and  its  ratio  to  the  weight  of  the 
balls,  became  known. 

The  properties  of  the  pendulum  supplied  a  very  simple  and  exact 
■eans  of  comparing  the  attraction  of  the  balls  B  and  b'  with  the 
attraction  of  the  earth.  The  balls  a  a'  were  made  to  vibrate  through 
a  small  arc  on  each  side  of  the  position  which  the  attraction  gave 
them,  and  the  rate  of  their  vibration  was  observed  and  compared 
with  the  rate  of  vibration  of  a  common  pendulum.  The  relative  in- 
tensity of  the  two  attractions  was  computed  from  a  comparison  of 
these  rates  by  the  principles  established  in  (542).  The  precision  of 
which  this  process  of  observation  is  susceptible  may  be  inferred 
from  the  fact  that  the  whole  attraction  of  tbe  balls  B  b'  upon  a  a! 
did  not  amount  to  tbe  20-millionth  part  of  the  weight  of  the  balls 
o  a',  and  that  the  possible  error  of  the  result  did  not  exceed  2  per 
eent  of  its  whole  amount. 

The  attraction  which  the  balls  b  b'  would  exert  on  aa\  on  the 
soppodtaon  that  the  mean  density  of  the  earth  is  equal  to  that  of 
the  mefallie  balls  b  b',  was  then  computed  on  the  principles  ex- 
plained in  (2381),  and  found  to  be  less  than  the  actual  attraction 
1i  and  it  was  inferred  that  the  density  of  the  earth  was  less 
thai  of  the  balls  B  b'  in  the  same  ratio. 

13* 
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In  fine,  it  resulted  that  the  mean  dendtj  of  the  earth  ii  b-fil 

times  the  density  of  water. 

The  accordance  of  this  result  with  those  of  the  Schehallien  «• 
pcrinienty  and  the  calculations  upon  the  fignre  of  the  terrestitti 
spheroid,  supply  a  striking  proof  of  the  truth  of  the  theory  of 
gravitation  on  which  all  these  three  independent  iuTeetigationfl  vn 
hased,  and  of  the  validity  of  the  reasoning  upon  which  they  hafs 
been  conducted. 

2894.  Volume  and  weight  of  the  earth,  —  Having  aseertained 
the  linear  dimensions  and  the  mean  density  of  the  earth,  it  b  a 
question  of  mere  arithmetical  labour  to  compute  ite  volume  and  its 
weight.  Taking  the  dimensions  of  the  globe  as'  already  st&ted|  ill 
volume  contains 

259,800  millions  of  cubic  miles. 
882,425,600,000  billions  of  cubic  feet 

The  average  weight  of  each  cubic  foot  of  the  earth  beine  5*S7 
times  the  weight  of  a  cubic  foot  of  water,  is  354*375  lbs.,  or  0*1587 
of  a  ton.     It  follows,  therefore,  that  the  total  weight  of  the  earth  is 

6,069,094,272  billions  of  tons. 


CHAP.  VI. 

THE   OBSERVATORY. 

2895.  Knowledge  of  the  instruments  of  observation  neceitary.— 
Having  explained  the  dimensions,  rotation,  weight,  and  density  of 
the  earth,  and  described  generally  the  aspect  of  the  firmament  and 
fixed  lines  and  points  upon  it,  by  which  the  relative  position  and 
motions  of  celestial  objects  are  defined,  it  will  be  necessary,  before 
proceeding  to  a  further  exposition  of  the  astronomical  phenomena, 
to  explain  tha  principal  instruments  with  which  an  observatory  is 
furnished,  and  to  show  the  manner  in  which  they  are  applied,  so  as 
to  obtain  those  accurate  data  which  supply  the  basis  of  those  calea- 
lations  from  which  has  resulted  our  knowledge  of  the  great  laws  of 
the  universe.  We  shall  therefore  here  explain  the  form  and  use  of 
such  of  the  instruments  of  an  observatory  as  are  indispensably  ne- 
cessary for  the  observations  by  which  such  data  are  supplied. 

2396.  The  astronomical  clock.  —  Since  the  immediate  objects  of 
all  astronomical  observation  are  motions  and  magnitudes,  and  since 
motions  are  measured  by  the  comparison  of  space  and  time,  one  of 
the  most  important  instruments  of  observation  is  the  time-piece  or 
chronometer,  which  is  constructed  in  various  forms,  according  to  the 
oircumstances  under  which  it  is  used  and  the  degree  of  accniacj 
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DCMBttry  to  be  obtained.     In  n  sUtionary  obsorratorj,  a  pendulum 
eicck  is  the  form  adopted. 

The  nbe  at  the  utraoomical  clock  is  so  regulated  that,  if  any  of 
ike  itan  be  obaerred  which  are  upon  the  celeBtial  ineridian  at  the 
■oiD«at  at  which  the  hands  point  to  0^  0~-  0*',  they  will  again  p?int 
In  (J-  O"-  O"-  when  the  Mine  stars  are  ncit  scon  on  the  meridian. 
The  intciral,  which  is  called  a  sidereal  daj,  is  divided  into  twcuty- 
fjuT  equal  parts,  called  SIDXREAL  uouRii.  The  hoar-hand  moves 
•fcr  one  princip*!  diviiion  of  ita  dial  in  this  interval.  In  like  man- 
■er  ihe  Mixdte  and  secokd-handb  move  on  divided  circlcsi,  caeh 
norlDg  over  the  successive  divisions  in  the  intervais  of  h  minute 
nd  a  second  respectively. 

The  pendulum  is  the  original  and  only  real  measnre  of  time  in 
this  instrument.  The  hands,  the  dials  on  which  they  play,  and  thu 
mechanism  which  regulates  and  proporUona  their  movenicnta,  are 
mly  expedients  for  registering  the  number  of  vibrations  which  the 
ptadulam  has  made  in  the  interval  which  elapses  between  any  two 
phenomena.  Apart  from  this  convenience,  a  mere  pendulum  UD- 
nnneeted  with  wheel-work  or  any  other  mechanism,  the  vibrutions 
of  which  would  be  counted  and  recorded  by  au  observer  stutiunud 
near  it,  would  equally  serve  as  a  measure  of  time. 

And  this,  in  £ict,  is  the  method  actually  used  in  all  exact  astro- 
Domical  observations.  The  eye  of  the  observer  is  occupied  in 
watching  the  progress  of  the  object  moving  over  the  wires  ("2302) 
ID  the  held  of  view  of  the  telescope.  His  ear  is  occupied  in  uoiio;;, 
md  bis  mind  in  counting  the  bveecssiTo  beats  of  the  pcuiluluin, 
vhich  in  all  astronomical  clocks  is  so  constructed  as  to  produce  a 
lufficicDtly  loud  and  distinct  sound,  marking  the  close  of  each  suc- 
cessive second.  The  practised  observer  is  enabled  with  considerable 
precittion  in  this  way  to  subdivide  a  second,  and  determine  the  mo- 
ment of  the  occurrence  of  a  phenomenon  within  a  small  fmction  of 
that  intcnal.  A  star,  for  cxumple,  is  seen  to  the  left  of  the  wire 
m  m!  at  s,^'^.  707,  at  one  beat  of  the  pendu- 
lum, and  to  the  right  of  it  at  «*  with  the  next. 
The  observer  estimates  with  great  precision  the 
proportion  in  which  the  wire  divides  (he  dis- 
tance between  the  points  «  and  s',  sud  can 
tiierefore  determine  the  fraction  of  a  second 
after  being  at  t,  at  which  it  was  upon    tbe 

Although  the  art   of  constractiug  chrouo- 
Fig.  TOT.  meters  hss  attained  a  surprising  degree  of  per- 

fection, it  is  not  perfect,  and  the  rate  <if  even 
tbe  best  of  such  instrumenhi  is  not  absolutely  uniform.  It  is  thure- 
iwR  Dcceasary  from  time  to  lime  to  check  the  indications  of  tbe 
clock  by  oboerviog  ila  nt«.    If  the  elock  were  absolutely  perfect. 


ibi<  i-rror  ni:iy  be  alWcJ  lor,  and  n 
remoU'  possibility  of  s  chaoge  of'ralc 
UiDcd. 

2397.  The  teatuit  fnttmment.  —  A 
noainl  observatiooB  are  made  at  tb 
obterred  ue  upon  th«  celeatial  merit 
elus  of  noh  otwemtiooa  the  sole  pi 
determiDA  vitb  precifltoD  tbe  time  wbei 
meridian  bj  the  apparent  diiuiiB]  mo^i 
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er,  BQpplied  with  a  olocky  to  ascertain  the  exact  time  of  the 

.ysrr,  is  called  a  transit  instrument. 

inch  an  instrument  consists  of  a  telescope  so  mounted  that  the 

i  of  colUmation  will  be  suocessivelj  directed  to  every  point  of 

i  celestial  meridian  when  the  telescope  is  moved  upon  its  axis 

rtm^h  ISO^ 

This  is  accomplished  by  attaching  the  telescope  to  an  axis  at  right 
jgles  to  its  line  of  colli mation,  and  placing  the  extremities  of  such 
us  CO  two  horizontal  supports,  which  are  exactly  at  the  same  level, 
jid  in  a  line  directed  east  and  west  The  line  of  collimation  when 
iiariiontal  will  therefore  be  directed  north  and  south ;  and  if  the 
telcKope  be  turned  on  its  axis  through  180^,  its  line  of  collimation 
wSl  move  in  the  plane  of  the  meridian,  and  will  be  successively 
directed  to  all  points  on  the  celestial  meridian  from  the  north  to  the 
pole,  thence  to  the  zenith,  and  thence  to  the  south. 

The  instrument  thus  mounted  is  rcpresentod  in  Ji(/.  708.  Two 
itoDe  piers  are  erected  on  a  solid  foundation  standing  east  and  w6st'. 
In  the  top  of  each  of  them  is  inserted  a  metallic  support  in  the 
furm  of  a  Y  to  receive  the  cylindrical  extremities  of  the  transverse 
anoi  A  B  of  the  instrument.  Tbe  tube  of  the  telescope  c  d  con- 
Ei^u  of  two  equal  parts  inserted  in  a  central  globe,  forming  part  of 
the  transvcr^l  axi.s  A  B.  Thus  mouotetl,  the  telescope  can  be  made 
Vi  revolve  like  a  wheel  upon  the  axis  a  b,  and  while  it  thus  revolves 
it5  line  uf  collimation  would  be  directed  successively  to  all  the 
piinu  of  a  vertical  circle,  tiie  plane  of  which  is  at  right  angles  to 
tiie  axirt  A  B.  If  the  axis  be  exactly  directed  east  and  west,  this 
vertical  must  be  the  meridian. 

2398.  //m  ntlJuAtmaiU. — This,  however,  supposes  three  conditions 
to  be  fulfilled  with  absolute  precision  : 

1^.  The  axis  A  B  must  be  level. 

2°.  The  line  of  collimatido  must  be  perpendicular  to  it 

3^.  It  must  be  directed  due  east  and  west. 

In  the  original  c(m^truction  and  mounting  of  the  instrument  the 
three  conditions  are  kept  in  view,  and  are  nearly,  but  cannot 
exactly,-  fulfilled  in  the  first  inKtancc.     In  all  astronomical  iiist 
ments  the  conditions  which  they  arc  required  to  fulfil  are  only 
proximated  to  in  the  making  and  mounting;  but  a  class  of  exp 
ents  called  adjust.M£NTS  are  iu  all  cases  provided,  by  which  ( 
of  tbe  ro<|uisite  conditions,  only  iicarff/  attained  at  fir&t,  are  ful/ 
with  infinitely  greater  precision. 

In  all  such   adjustments  two  provisions  are  necessary :  Jt 
method  of  detecting  and  measuring  the  deviation  from  the 
fulfilment  of  the  ref|uisite  condition ;  and  necondfi/y  an  expcdi' 
which  luch  deviation  can  be  corrected. 

2399.  To  make  the  axi*  IcvpI. — If  the  axis  ab  be  nc 
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level,  its  deviation  from  this  direetion  may  be  aseeituaed  by  m- 
pending  upon  it  a  spirit  level. 

This  consists  of  a  glass  tube  nearly  filled  with  aloohol  or  elher, 
liquids  selected  for  the  purpose,  in  conaeqiieiioe  of  the  abwnoe  of 
all  viscidity,  their  perfect  mobility,  and  beoauae  they  axe  not  HiUi 
to  congelation.     The  tube  AB,^.  709^  is  fanned  slightly  eoam^ 


Fig.  709. 

And  when  it  is  placed  boriion  tally  with  its  convexity  upwaids,  tin 
bubble  a  b  produced  by  its  deficient  fulness  will  take  the  hiffheik  f> 
sition,  and  therefore  rest  at  the  centre  of  ita  length.  Marks  m 
engraved  on  or  attached  to  the  tube  at  a  and  b  indicating  the  otntn 
of  its  length.  The  tube  is  attached  to  a  straight  bar  o  D,  or  so 
mounted  as  to  be  capable  of  being  suspended  from  two  points  d  ]/| 
and  is  so  adjusted  that  when  the  lower  surface  of  the  bar  c  D,  or  tk 
line  joining  the  two  points  of  suspension  (f  d',  is  exactly  level,  tlie 
bubble  will  rest  exactly  in  the  centre  of  the  tube  between  the  mirki 
a  and  b. 

To  ascertain  whether  a  surface,  or  the  line  joining  two  proposed 
points,  be  level,  the  instrument  is  applied  upon  the  one,  or  sus- 
pended from  the  other.  If  the  bubble  rest  between  the  marks  a 
and  b,  they  are  level ;  if  not,  that  direction  towards  which  it  deri- 
ates  is  the  more  elevated,  and  it  must  bo  lowered,  or  the  other  raised. 
The  operation  must  be  repeated  until  the  bubble  is  found  to  rest  be- 
tween the  central  marks  a  and  &,  whichever  way  the  level  be  placed. 

A  level  is  provided  for  the  transit  instrument  with  two  loops  d 
suspension  corresponding  with  the  cylindrical  extremities  of  the  axis 
A  B,  f</.  708,  so  that  its  points  of  suspension  may  rest  dn  these 
cylinders.  If  it  be  found  that,  when  the  level  is  properly  suspended 
thus  upon  the  axis,  the  bubble  rests  nearer  to  one  extremity  thta 
the  other,  it  will  bo  necessary  to  raise  that  end  from  which  it  if 
more  remote,  or  to  lower  that  to  which  it  is  nearer. 

To  accomplish  this,  one  of  the  supports  in  which  the  extrenitj 
A  of  the  axis  rests  is  constructed  so  as  to  be  moved  through  a  snuil 
space  vertically  by  a  finely  constructed  screw.  This  support  ii 
therefore  raised  or  lowered  by  such  means,  until  the  bubble  of  tkl 
level  rests  between  the  central  marks  a  and  b,  whichever  way  the 
level  be  suspended. 
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To  make  the  line  of  coUimation  perpendicular  to  the  axiM, 
Bt  be  remembeTed,  that  the  line  of  coHimatioD  is  a  line 
>iii  the  centre  of  the  object-glass  to  the  intersection  of  the 
les  ID  die  field  of  txcw  of  the  telescope.  The  centre  of 
^g^Bss  is  fixed  relatively  to  the  telescope,  bat  the  wires  are 
ed  -  thfti  the  position  of  their  intersection  can  be  moved 
I  eertaio  small  spaoe  by  means  of  a  micrometer  screw. 
>f  the  line  of  collimation,  therefore,  being  moveable^  while 
b  fixed,  its  direction  may  be  changed  at  pleasure  within 
~  by  the  constmction  of  the  eye-glass  and  its  mi- 
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ertain  whether  the  line  of  collimation  is  or  is  not  at  right 
the  line  joining  the  points  of  support  a  and  B^Jig.  708, 
stant  point  be  observed  upon  which  the  intersection  of  the 
s.  Let  the  instrument  be  then  reversed  upon  its  supports, 
>f  the  axis  which  rested  on  a  being  transferred  to  h,  and 
h  rested  on  6  to  a,  and  let  the  same  object  be  observed. 
I  eoincide  with  the  intersection  of  the  wires,  the  line  of 
in  is  in  the  proper  direction ;  but  if  not^  its  distance  from 
section  of  the  wires  will  be  twice  the  deviation  of  the  lino 
ition  from  the  perpendicular,  and  the  wires  must  be  moved 
Ijostinfi;  screw,  until  the  intersection  is  moved  towards  the 
rough  half  of  its  apparent  distance  from  it. 
der  this  more  clear,  let  a  b,  fg.  710,  represent  the  direction 

of  the  axis,  c  D  that  of  a  line  exactly 
at  right  angles  to  it^  or  tbe  direction 
which  is  to  be  given  to  tbe  line  of 
collimation,  and  let  c  d'  represent  the 
erroneous  direction  which  that  line 
actually  has.  Let  s  be  a  distant  ob- 
ject to  which  it  is  observed  to  be  di- 
rected, this  object  being  seen  upon 
the  intersection  of  the  wires.  If  the 
instrument  be  reversed,  the  line  c  d' 
will  have  the  direction  o  d'',  deviating 
as  much  from  c  D  to  the  right  as  it 
before  deviated  to  the  left.  The 
object  8  will  now  be  seen  at  a  distance 
to  the  left  of  the  intersection  of  the 
_B  wires  which  measures  the  angle  i/o  l/', 
^  which  is  twice  the  angle  dcd',  or 

ng.  710.  the  deviation  of  the  line  of  collimation 

from  the  perpendicular  D  c. 
7h  render  the  direction  of  the  tupports  due  east  and  west.— 
Q  fome  cases  accomplished  by  d  meridian  mark,  which  is 
i  object,  such  as  a  white  vertical  line  painted  on  a  black 
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ground;  erected  at  a  Bufficient  distance  from  the  iDstiiimeiit  in  tbe 
exact  meridian  of  the  obsen-atorj.     If,  on  directing  the  tdeseqie  to 
it,  it  ifl  seen  on  the  one  side  or  the  other  of  the  middle  wire  (which 
ought  to  coincide  with  the  meridian),  the  direction  of  the  axis  Al, 
fig,  710,  will  deviate  to  the  same  extent  from  the  traeeaatiiid 
west,  since  it  has  been  already,  by  the  previous  adjustments,  rea- 
dered  perpendicular  to  the  line  of  coUimation.  The  entire  instnuDest 
must  therefore  be  shifted  round,  until  the  meridian  mark  oohioidfli 
with  the  middle  wire.     This  is  accomplished-  by  a  prorision  Hilda 
in  the  support  on  which  the  extremity  of  the  axis  ^^fig*  708,  nili| 
by  which  it  has  a  certain  play  in  the  horizontal  direction  urged  bj 
a  fine  screw.     In  this  way  the  axis  A  B  is  brought  into  the  tme  di- 
rection east  and  west^  and  therefore  the  line  of  collimation  into  the 
true  meridian. 

It  will*  be  observed  that,  in  explaining  the  second  adjnatmenti  it 
has  been  assumed  that  the  deviations  are  not  so  great  as  to  throw 
the  object  s  out  of  the  field  of  view  after  the  instrument  la  rerersed. 
This  condition  in  practice  is  always  fulfilled,  the  extent  of  denatkm 
left  to  be  corrected  by  the  adjustments  being  always  ^erj  small. 

2402.  Micrometer  wires — method  of  observing  transit,  — In  the 
focus  of  the  eye-piece  of  the  transit  instrument.,  the  system  of  mi- 
crometer  wires  (2302),  already  mentioned,  is  placed.  This  connsts 
commonly  of  5  or  7  equidistant  wires,  placed  vertically  at  equal  dis- 
tances, and  intersected  at  their  middle  points  by  a  horiiontal  wire, 
as  represented  in  fig,  707.  When  the  instrument  has  been  adjusted, 
the  middle  wire  m  m-  will  be  in  the  plane  of  the  meridian,  and  whea 
an  object  is  seen  upon  it,  such  object  will  be  on  the  celestial  meri- 
dian, and  the  wire  itself  may  be  regarded  as  a  small  arc  of  the 
meridian  rendered  visible. 

The  fixed  stars,  as  will  be  explained  more  fully  hereafter,  appetr 
in  the  telescope,  no  matter  how  high  its  magnifying  power  be,  u 
mere  lucid  points,  having  no  sensible  magnitude.  JBy  the  diurnal 
motion  of  the  firmament,  the  star  passes  successively  over  all  the 
wires,  a  short  interval  being  interposed  between  its  passages.  The 
observer,  just  before  the  star  approaching  the  meridian  enters  the 
field  of  view,  notes  and  writes  down  the  hours  and  minutes  indicated 
by  the  clock,  and  he  proceeds  to  count  the  seconds  by  his  ear.  He 
observes,  in  the  manner  already  explained,  to  a  fraction  of  a  second, 
the  instant  at  which  the  star  crosses  each  of  the  wires ;  and  takinc 
a  mean  of  all  thcdie  times,  he  obtains,  with  a«great  degree  of  preci* 
sion,  the  instant  at  which  the  star  passed  the  middle  wire,  which  is 
the  time  of  the  transit. 

By  this  expedient  the  result  has  the  advantage  of  as  many  inde- 
pendent observations  as  there  are  parallel  wires.  The  errors  of 
observation  being  distributed,  are  proportionally  diminished. 

When  the  sun,  moon,  or  a  planet,  or,  in  general,  any  object  which 
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bas  m  sensible  disk,  is  observed,  the  Ume  of  the  transit  is  the  in- 
stant at  which  the  centre  of  the  disk  is  upon  the  middle  wire.  This 
is  obtained  bj  observing  the  instants  which  the  western  and  eastern 
edges  of  the  dii^k  touch  each  of  the  wires.  The  middle  of  tiie&e 
iBtarals  are  the  monoents  at  which  the  centre  of  the  disk  is  upon 
the  wires  respectively.  Taking  a  mean  of  the  contact  of  the 
western  edges,  the  contact  of  the  western  edge  with  the  middle 
wire  will  be  obtained ;  and,  in  like  manner,  a  mean  of  the  contacts 
of  the  eastern  edge  will  give  the  contact  of  that  edge  with  the 
■iddk  wire,  and  a  mean  of  these  two  will  give  the  moment  of  the 
tuBBt  of  the  eentie  of  the  disk,  or  a  mean  of  all  the  contacts  of 
both  edges  will  give  the  same  result 

By  day  the  wires  are  visible,  as  fine  black  lines  intersecting  and 
ipMing  out  the  field  of  view.  At  night  they  are  rendered  visible 
1^  a  lamp,  by  which  the  field  of  view  is  faintly  illuminated. 

2403.  Apparent  motion  of  6f)jecU  in  field  of  view,  —  Since  the 
kliKOpe  reverses  the  objects  observed,  the  motion  in  the  field  will 
appear  to  be  from  west  to  east,  while  that  of  the  firmament  is  from 
CMl.  to  west.  An  object  will  therefore  enter  the  field  of  view  on 
the  west  side,  and,  bavins  crossed  it,  will  leave  it  on  the  east  side. 

Since  the  sphere  revolves  at  the  rate  of  15°  per  hour,  15  per 
minute,  or  15"  per  second  of  time,  an  object  will  be  seen  to  pass 
the  field  of  view  with  a  motion  absolutely  uniform,  the  space 
^  over  between  two  successive  beats  of  the  pendulum  being 
mTariably  15". 

Thus,  if  the  moon  or  sun  be  in  or  near  the  equator,  the  disk  will 
be  observed  to  pass  across  the  field  with  a  visible  motion,  the  inter- 
nl  between  the  moments  of  contact  of  the  western  and  eastern 
edges  with  the  middle  wire  being  2°^-  8%  when  the  apparent  diame- 
ter is  32^.  Thus,  the  disk  appears  to  move  over  a  space  equal  to 
half  its  own  diameter  in  1™-  4*-. 

2404.  Circles  of  declination^  or  hour  circles.  —  Circles  of  the 
celestial  sphere  which  pass  through  the  poles  are  at  right  angles  to 
the  celestial  equator,  and  are  on  the  heavens  exactly  what  meridians 
ire  upon  the  terrestrial  globe.  They  divide  the  celestial  equator 
into  ares  which  measure  the  angles  which  such  circles  form  with 
each  other.  Thus,  two  such  circles  whi&h  are  at  right  angles  include 
an  arc  of  90°  of  the  celestial  eauator,  and  two  which  form  with 
each  other  an  angle  of  1°  include  between  them  an  arc  of  1°  of 
the  celestial  equator.  These  circles  of  declination,  or  hour 
aacLZB  as  they  are  called,  are  carried  round  by  the  diurnal  motion 
of  the  heavens,  and  are  brought  in  succession  to  coincide  with  the 
celestial  meridian,  the  intervals  between  the  moments  of  their  coin- 
cidenee  with  the  meridian  being  always  proportional  to  the  angle 
they  form  with  each  other,  or,  what  is  the  same,  to  the  arc  of  the 
celestial  equator  included  between  them.    Thus,  if  two  circles  of 
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declination  form  with  each  other  an  angle  of  80%  the  inteml  be- 
tween the  moments  of  their  coincidence  with  the  meridian  will  bi 
two  sidereal  hours. 

The  relative  position  of  the  circles  of  declination  with  reapeet  to 
each  other  and  to  the  meridian,  and  the  Buccessire  poritionaaaFiiaMi 
by  any  one  such  circle  during  a  complete  revolation  of  the  qpheffy 
will  be  perceived  and  understood  without  difficulty  by  the  aid  of  a 
celestial  globe,  without  which  it  is  scarcely  poeaible  to  obtain  any 
clear,  or  definite  notion  of  the  apparent  motions  of  oeleatud  objaoto. 

2405.  Right  ascension,  —  The  arc  of  the  celestial  equator  ba* 
tween  any  circle  of  declination  and  a  certain  point  on  the  equator 
called  the  first  point  of  Aries  (which  will  be  defined  heraaftor), 
is  called  the  right  ascension  of  all  objects  through  ^idi  the 
circle  of  declination  passes.  This  arc  is  always  understood  to  bo 
measured  from  the  point  where  the  circle  of  declination  meets  the 
celestial  equator  ivestwardf  that  is,  in  the  direction  of  the  appanat 
diurnal  motion  of  the  heavens,  and  it  may  extend,  thereforei  ow 
any  part  whatever  of  the  equator  from  0^  to  860°. 

Right  ascension  is  expressed  sometimes  according  to   avgahr 

magnitude,  in  degrees,  minutes,  and  seconds;  but  since,  acoOTding 

to  what  has  been  explained,  these  magnitudes  are  proportional  to 

the  time  they  take  to  pass  over  the  meridian,  right  ascension  is  aloo 

often  expressed   immediately  by  this   time.      Thus,  if  the  right 

ascension  of  an  object  is  15°  15'  15",  it  will  be  expressed  also  bj 
Ih.  im.  !•.. 

In  general,  right  usoension  expressed  in  degrees,  minutes,  and 
seconds  may  be  reduced  to  time  by  dividing  it  by  15 ;  and  if  it  be 
expressed  in  time,  it  may  be  reduced  to  angular  language  by  multi- 
plying it  by  15. 

The  difference  of  right  ascensions  of  any  two  objects  may  be  as- 
certained by  the  transit  instrument  and  clock,  by  observing  the  in- 
terval which  elapses  between  their  transits  over  the  meridian.  Thii 
interval,  whether  expressed  in  time  or  reduced  to  degrees,  is  their 
difference  of  right  ascension. 

Hence,  if  the  right  ascension  of  any  one  object  be  known,  the 
right  ascension  of  all  others  can  be  found. 

2406.  Sidereal  clock  indicate*  right  ascension,  —  If  the  hands 
of  the  sidereal  clock  be  set  to  O***  0"*  0'*  when  the  first  point  of 
Aries  is  on  the  meridian,  they  will  at  all  times  (supposing  the  rate 
of  the  clock  to  be  correct)  indicate  the  right  ascension  of  sueb 
objects  as  are  on  the  meridian.  For  the  motion  of  the  hands  in 
that  case  corresponds  exactly  with  the  apparent  motion  of  the  me- 
ridian on  the  celestial  equator  produced  by  the  diurnal  motion  of 
the  heavens.  While  15°  of  the  equator  pass  the  meridian  tbe 
hands  move  through  P*.  and  other  motions  are  made  in  the 
proportion. 
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2407.  The  mural  nrck. — The  trauait  iostninieiit  md  BiJcreal 
clock  Bopplj  meani  of  determining  with  extreme  precision  (lie  io- 
itaDt  at  which  an  object  poases  the  meridian  i  but  the  instrutncDt 
is  not  proTiiled  with  anj  iccunite  means  of  indicating  the  point  at 
whicb  the  object  is  seen  on  the  meridian.  A  circle  is  soinetiincs,  it 
it  tra«,  attached  to  the  tranut,  hy  which  the  position  of  this  point 
■ajr'  be  ronghly  oboerred ;  bnt  to  aaoeriain  it  with  a  precision  pro- 
portionate to  that  which  the  trmnait  instniment  detenninea  the  right 
Memriooa,  reqnirea  an  instrnment  eonstmatcd  and  mounted  for  ihia 
e^nH  object  in  a  manner,  and  under  oonditions,  altogether  dilTcr- 
ent  from  tboM  hj  which  the  traDsit  inatrument  ia  regulated.  The 
farm  of  instniment  adopted  in  the  most  efficiently  furnished  obser- 
ntories  for  this  purpose  is  the  mural  circle. 

This  instrument  is  &  mdual«d  circle,  similar  in  form  and  prin- 
ciple to  the  instroment  deacribed  in  (2304).  It  is  centred  upon  sn 
Ilia  established  in  the  fiice  of  a  atone  pier  or  aa/l  (hence  the  name), 
ercded  in  the  plane  of  the  meridian.  The  axis,  like  that  of  a 
transit  in-itrument,  ia  trulj  honzontat,  and  directed  due  east  and 
west.  Being  by  the  conditions  on  whit-h  it  is  finit  constructed  and 
mounted,  rcry  nearly  in  tliis  position,  it  ia  rendered  fTaflly  ao  by 
1*0  adjuiitmtnta,  one  of  wliicb  mores  the  axis  vertically,  and  the 
ntber  horiioiikiUy,  by  mi'ana  of  screws,  through  spaces  which, 
though  small,  are  still  large  eiJ[>agh  to  enable  the  observer  to  correct 
the  slight  errors  of  positioD  inci- 
dental to  the  workmanship  and 
mounting. 

The  iuatrnmcnt,  as  mounted  and 
adjusted,  is  represented  in  per- 
spective inyF^.  711,  where  a  is  the 
atone  wall  to  which  the  instmiucnt 
is  attached,  D  the  central  axis  on 
which  it  tuma ;  and  s  o  the  tele- 
eoope,  which  doca  not  move  upon 
the  circle,  but  is  immovcably  at- 
tached to  it,  BO  that  the  entire 
instrument,  including  the  telescope, 
turns  in  the  plane  of  the  meridian 
upon  the  axis  D. 

A  front  view  of  the  circle  in  the 
plane  of  the  iustrament  is  given  in 
M  71-2. 

The  mdnatiai)  is  tuoally  made  on  the  edge,  and  not  ou  the  face 
limb.  The  hoop  of  metal  thus  engraved  forms,  therefore,  whut  may 
be  called  the  tire  of  the  ifheel. 

Troughs  o,  oontaining  mercury,  are  placed  on  the  floor  in  conve- 
nient poaitiona  in  the  plane  of  the  instrumeDt,  ia  the  surface  of 
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Fig.  712. 

wbich  arc  bccd,  by  reflection,  the  objects 
ridian.     The  observer  is  thus  enabled  to  i 
well  of  the  images  of  the  objects  reflected 
objects  themselves,  the  advantage  of  vhici 

Convenient  ladders,  chairs,  and  couch 
justed  by  racks  and  other  mechanical  am 
inclinations,  enable  the  observer,  with  the 
to  apply  his  eye  to  the  telescope,  no  matte 

Id  the  more  important  national  observ 
are  eight  feet  in  diameter,  and  coneequentl 
fcrence.  Each  degree  upon  the  circumfer 
above  eight-tenths  of  an  inch,  admits  o: 
division. 

The  divisions  on  the  graduated  edge  of 
bered  as  usual  from  0°  tn  a«^° 
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heir  imager  reflected  iq  the  mcrcarj,  being  observed,  the  angular 

taooe,  or  ibe  aru  of  the  meridifln  between  them,  will  be  found  by 

jertaining  the  arc  of  the  graduated  limb  of  the  instrument,  which 

isses  before  any  fixed  point  or  index,  when  the  telescope  is  turned 

Dm  the  direction  of  the  one  object  to  the  direction  of  the  other. 

2409.  Compound  microscopes  —  iheir  number  and  use,  —  This 
Are  is  observed  by  a  compound  microscope  (2307),  attached  to  the 
will  or  pier,  and  directed  towards  the  graduated  limb.  The  man- 
ner in  which  the  fraction  of  a  division  of  the  limb  is  observed  by 
this  expedient  has  been  already  explained.  But  to  give  greater 
predsion  to  the  observation,  as  well  as  to  efTocc  the  errors  which 
alight  arise,  either  from  defective  centreing,  or  from  the  small  de- 
nogement  of  figure  that  might  arise  from  the  flexure  produced  by 
the  weight  of  the  instrument,  several  compound  microscopes  — 
penerally  six  —  are  provided  at  nearly  equal  distances  around  the 
limb,  so  that  the  observer  is  enabled  to  note  the  position  of  six  in- 
dices. The  six  arcs  of  the  limb  which  pass  under  them  being  ob- 
Mrved,  are  equivalent  to  six  independent  observations,  the  mean  of 
vhich  bcioc  taken,  the  errors  incidental  to  them  are  reduced  in  pro- 
porti^jn  to  their  number. 

2410.  Circle  primarily  a  differe^iiiol  instrument  —  The  obser- 
Titioos,  however,  thus  taken  are,  strictly  speaking,  only  differential. 
The  arc  of  the  meridian  between  the  two  objects  is  determined,  and 
this  arc  la  the  diflierence  of  their  meridional  distances  from  the 
lenith  or  from  the  horixon;  but  unless  the  positions  which  the  six 
lodexea  have,  when  the  line  of  collimation  is  directed  to  the  zenith 
or  horixoD,  be  known,  no  positive  result  arises  from  the  observa- 
tions ;  nor  can  the  absolute  distance  of  any  object,  cither  from  thr 
korixon  or  the  xenith,  b$  ascertained. 

2411.  Method  of  ascertaining  the  horizontal  point. — The  "rea( 
log,"  as  it  is  technically  called,  at  each  of  the  microscopes,  in  ar 
proposed  position  of  the  instrument,  is  the  distance  of  that  mic? 
wope  from  the  zero  point  of  the  limb.     Now  it  is  easy  to  show  t) 
half  the  sum  of  the  two  readings  at  any  microscope,  when  the  U 

scope  is  successively  directed  to  an 
ject  and  its  imago  in  tht-  mercury, 
be*  the  reading  at  the  s-mie  micros 
when  the  lino  of  ci'llinifitinn  is  horize 
Let  a  circle  bo  imagined  to  be  d 
upon  the  stouo  pier  u round  the  i! 
ment,  and  let  M,jit/.  Tlo,  rej)resei 
position  of  any  of  the  microscopes. 
CO  be  the  position  of  the  telescope 
directed  to  the  object,  and  let  z 
position  of  the  zero  of  the  limT 
0 1  be  the  position  of  the  telcsco 
14* 


rig.  713. 
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directed  to  the  image  of  the  same  object  in  the  mercaiy.  If  «/^  = 
o  I,  ii*  will  then  be  the  place  o^he  zero,  because  the  lero  will  be 
moved  with  the  instnimeot  through  the  same  space  as  that  through 
which  the  telescope  is  moved.  Since  the  direction  c  I  is  as  nneh 
below  the  horizon  as  c  o  is  above  it,  the  direction  of  the  horiaon 
must  be  that  of  the  point  H  which  bisects  the  are  o  T.  The  tel^ 
scope,  when  horizonCal,  will  have  therefore  the  direction  o  H,  tad 
when  it  has  this  position  the  zero  will  evidently  b^  at  /,  ^he  poiit 
which  bisects  the  arc  zz'\ 

The  <* readings"  of  the  microscope  M,  when  the  tdesoope  is'A- 
rected  to  o  and  i,  are  mz  and  Ms''.  The  << reading "«of  the  sum 
microscope  when  the  telescope  is  horizontal  would  be  If/.  Now  it 
is  evident,  from  what  has  been  stated  above,  that 

and|  thereforci 

M^'  =  \  (M2  X  M«'')j 

that  is,  the  reading  for  the  horizontal  direction  of  the  tcletenpe 
would  be  half  the  sum  of  the  readings  for  an  object  and  its  inai^ 

2412.  Method  of  observing  altitudes  and  zenith  cf  ts/onoei.  — The 
readings  of  all  the  microscopes,  when  tho  telescope  is  directed  to  the 
horizon,  being  thus  determined,  are  preserved  as  necessary  data  ii 
all  observations  on  the  altitudes  or  zenith  distances  of  objects.  Td 
determine  the  altitude  of  an  object  o,  let  the  telescope  be  direeted 
to  it,  so  that  it  shall  be  seen  at  the  intersection  of  the  wires;  aad 
let  the  readings  of  the  six  microscopes  be  0|,  o^  o^,  O4,  Og^  and  €^ 
and  let  their  six  horizontal  readings  be  H„  H|,  H^,  H4,  Hg,  and  B^ 
We  shall  have  six  values  for  the  altitudes : 


A, 

H: 

— 

Oi, 

A, 

II, 

Oj, 

A3 

"3 

03, 

A4 

— 

H4 

^Ay 

As 

"5 

— 

Ob, 

Af  =  He  —  ^6, 

These  will  be  nearly,  buf  not  precisely,  equal,  because  they  will 
differ  by  the  small  errors  of  observation,  centreing,  and  form.  A 
mean  of  the  six  being  tuken  by  adding  them  and  dividing  their  saia 
by  G,  these  differences  will  be  equalized,  and  the  errors  nearly  ef&oed, 
so  that  we  shall  have  the  nearest  approximation  to  the  true  al- 
titude— 

A=  J{a,  +  Ag  +  A,  +  A4  +  A5  +  A.}.     • 

The  altitude  of  an  object  being  known,  its  zenith  distance  roaj  ba 
found  by  subtracting  the  altitude  from  90° :  thus,  if  z  expretf  tk 
zenith  distance,  we  shall  have 

«  =  90°  —  A. 
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2413.  Method  of  ilelermint/iff  tj^e  position  of  the  pole  and  eqnator, 
— The  moral  circle  may  be  regarded  as  the  celestial  meridian  re- 
dac*:d  in  6cale,  and  brought  immediately  under  the  hands  of  the 
obeerver,  so  that  all  distances  upon  it  may  be  submitted  to  exact 
examination  and  measurement  Besides  the  zenith  and  horizon,  the 
pQHtions  of  which,  in  relation  to  the  microscopes,  have  just  been 
iKertained,  there  are  two  other  points  of  equal  importance,  the 
pole  aa4  the  equator,  which  should  also  be  established. 

The  stars  which  are  so  near  the  celestial  pole  that  they  never  set, 
ve  carried  by  the  diurnal  motion  of  the  heavens  round  the  pole  in 
mall  circles,  crossing  the  visible  meridian  twice,  once  above  and 
Qoce  below  the  pole.     Of  all  these  circum polar  stars,  the  most  im- 

Eint  and  the  most  useful  to  the  observer*  is  the  pole  star,  both 
use  of  its  close  proximity  to  the  pole,  from  which  its  distance  is 
only  1 1°,  and  because  its  magnitude  is  sufficiently  great  to  be  visible 
with  the  telescope  in  the  day.  This  star,  then,  crosses  the  meridian 
above  the  polo  and  below  it,  at  intervals  of  twelve  hours  sidereal 
time,  and  the  true  position  of  the  pole  is  exactly  midway  between 
the  two  points  where  the  star  thus  crosses  the  meridian. 

If,  therefore,  the  leadings  of  the  six  microscopes  be  taken  when 
the  pole  star  makes  its  transit  above  and  below  the  pole,  their  read- 
ings for  the  pole  itself  will  be  half  the  sum  of  the  former  for  each 
aiacroscope. 

The  readings  for  the  polo  being  determined,  those  which  cor- 
leapond  to  the  point  where  the  celestial  equator  crosses  the  meridian 
may  be  found  by  subtracting  the  former  from  90°. 

When  the  positions  of  the  microscopes  in  relation  to  the  pole  and 
equator  are  determined,  the  latitude  of  the  observatory  will  bo 
known,  since  it  is  equal  to  the  altitude  of  the  celestial  pole  (128G2). 

2414.  Ail  circftg  of  declination  represented  hy  the  circle,  —  Since 
the  circles  of  declination,  which  arc  imagined  to  surround  the 
heavens,  are  brought  by  the  diurnal  motion  in  succession  to  coin- 
cide with  the  celestial  meridian  (2404),  since  that  meridian  is  itself 
represented  by  the  mural  circle,  that  circle  may  be  considered  as 
piresenting  successively  a  ukkIcI  of  every  circle  of  declination ;  and 
the  position  of  any  object  upon  the  circle  of  declination  is  repre- 
Mnted  on  the  mural  circle  by  the  position  of  the  telescope  when 
directed  to  the  point  of  the  meridian  at  which  the  object  crosses  it. 

If  the  object  have  a  fixed  position  on  the  firmament,  it  is  evident 
that  it  will  always  pai^s  the  meridian  at  the  same  point ;  and  if  the 
telescope  be  directe<i  to  that  point  and  maintained  there,  the  object 
will  be  seen  at  the  intcraeetion  of  the  wires  regularly  after  iutcrvals 
of  twenty-four  hours  sidereal  time. 

2415.  Dtclinatitm  and  polar  diffunce  of  an  ohjcct. — The  dis- 
tanec  of  an  object  from  the  celestial  equator,  measured  upon  the 
circle  of  declination  which  pssses  through  it,  is  called  its  dkclina- 
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TiONy  and  18  NORTH  or  bouth,  acoordiog  to  the  side  of  Uie  equator 
at  which  the  object  is  placed. 

The  declination  of  an  object  is  ascertained  with  the  mural  circle 
in  the  same  manner  and  by  the  same  observation  as  that  which 
ffiyes  its  altitude.  The  readings  of  the  microeoopes  for  the  object 
being  compared  with  their  readings  for  the  pole  (2413),  give  the 
polar  distance  of  the  object;  and  the  differenoe  between  the  pohr 
distances  and  90^  gives  the  declination. 

Thus  the  polar  distance  and  declination  of  an  object  are  to  the 
equator  exactly  what  its  altitude  and  zenith  distanoe  are  to  the 
horison.  But  since  the  equator  maintains  alwavs  the  same  postioB 
during  the  diurnal  motion  of  the  heavens,  the  declinatioii  and  pcJir 
distance  of  an  object  are  not  affected  by  that  motion,  and  remain  the 
same,  while  the  altitude  and  senith  distances  are  constantly  changing. 

2416.  Position  of  an  object  defined  6y  its  declinatum  and  ri^ 
ascension,  —  The  position  of  an  object  on  the  firmament  i8del» 
mined  by  its  declination  and  right  ascension.  Its  decliaation  ex- 
presses its  distance  north  or  south  of  the  celestial  equator,  and  ill 
right  ascension  expresses  the  distance  of  the  circle  of  dedinalioQ 
upon  which  it  is  placed  from  a  certain  defined  point  upon  the  oekitiil 
equator. 

It  is  evident,  therefore,  that  declination  and  right  asoenaioo  define 
the  position  of  celestial  objects  in  exactly  the  same  manner  as  lati- 
tude and  longitude  define  the  position  of  places  on  the  earth.  A 
place  upon  the  globe  -may  be  regarded  as  being  projected  on  tbe 
heavens  into  the  point  which  forms  its  zenith ;  and  hence  it  appean 
that  the  latitude  of  the  place  is  identical  with  the  declination  of  its 
zenith. 


CHAP.  vn. 

ATMOSPHERIC  REFRACTION. 

2417.  Apparent  position  of  ceU&tial  ohjects  affected  Ity  refraction^ 
—  It  has  been  shown  that  tbe  ocean  of  air  which  surrounds,  rests 
upon,  and  extends  to  a  certain  limited  height  above  the  surface  of 
the  solid  and  liquid  matter  composing  the  globe,  decreases  gradoally 
in  density  in  rising  from  the  surface  (719) ;  that  when  a  ray  of 
light  passes  from  a  rarer  to  a  denser  transparent  medium,  it  is  d^ 
fleeted  towards  the  perpendicular  to  their  common  surftiee  ;  and  that 
the  amount  of  such  deflection  increases  with  the  difierence  of  den- 
sities and  the  angle  of  incidence  (978  et  seq,).  These  properties, 
which  air  has  in  common  with  all  transparent  media,  produce  in- 
portfipt  ^fleets  on  the  apparent  positions  of  celestial  objects. 
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Let  8  a,  Jiff.  714,  be  a  ray  of  light 
coming  from  aoy  distant  object  8,  and 
'  &lling  on  the  surface  of  a  series  of  layers 
of  transparent  matter,  increasing  in 
density  downwards.  The  ray  8  a,  pass- 
ing into  the  first  layer,  will  be  deflected 
in  the  direction  aa^  towards  the  per- 
pendioolar;  passing  thence  into  the 
next,  it  will  be  again  deflected  in  the 
direction  afoT,  more  towards  the  per- 
pendicular; and,  in  fine,  passing  through 
the  lowest  layer,  it  will  be  still  more 
deflected,  and  will  enter  the  eye  at  e, 
in  the  direction  a^e:  and  since  every 
object  is  seen  in  the  direction  from 
which  the  visual  ray  enters  the  eye, 
tjcet  8  will  be  seen  in  the  direction  e  s',  instead  of  its  true 
ioo  a  8.  The  effect,  therefore,  is  to  make  the  object  appear 
uemrtr  to  the  lenithal  direction  than  it  really  is. 
id  this  is  what  actually  occurs  with  respect  to  all  celestial  ob- 
8een,  as  such  objects  always  must  be,  through  the  atmosphere. 
risn^  ray  BD^fig.  715,  passing  through  a  successiou  of  strata 
r,  gradually  and  continually  increasing  in  density,  its  path  will 
carve  bending  from  d  towards  a,  and  convez  towards  the 
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lenithal  line  a  z.    The  direction  in  which  ihe  object  will  be  Men, 
being  that  in  which  the  visual  ray  enters  the  eye,  will  be  the  tao- 

§ent  A  «  to  the  curve  at  A.  The  object  will  therefore  be  seen  in  the 
irection  A  s  instead  of  D  8. 
It  has  been  shown  that  the  deflection  produced  by  refraction  ii 
increased  with  the  increase  of  the  angle  of  incidenoe.  Now,  in  tha 
present  case,  the  angle  of  incidence  is  the  angle  under  the  tne 
direction  of  the  object  and  the  lenithal  line,  or,  what  is  the  sane, 
the  lenith  distance  of  the  object.  The  extent,  therefore,  to  wbiok 
any  celestial  object  is  disturbed  from  its  true  place  by  the  refraelisa 
of  the  atmosphere,  increases  with  its  zenith  distance.  The  refne* 
taon  is,  therefore,  nothing  in  the  lenith,  and  greatest  ia  the  ho- 
rizon. 

2418.  Law  of  atmospheric  refraction.  —  The  extent  to  whieh  a 
celestial  object  is  displaced  by  refraction,  therefore,  depends  upoa 
and  increases  with  its  distance  from  the  zenith;  ana  it  con  bo 
shown  to  be  a  consequence  of  the  general  principles  of  optios,  that 
when  other  things  are  the  same,  the  actual  quantity  of  this  & 
placement  (except  at  very  low  altitudes)  varies  in  the  proportioii  cf 
the  tangent  of  llie  zenith  distance. 

Thus,  if  A z,  fig,  716,  be  the  zenithal  direction,  and  AG,  A(/, 

A  o",  &c.,  be  the  directions  of  oelestiil 
objects,  their  zenith  distances  being 
z  A  0,  z  A  o',  z  A  o'',  &c.,  tlie  qoantikiei 
of  refraction  by  which  they  will  be 
severally  affected,  or,  what  is  tbe  same, 
the  differences  between  their  true  and 
apparent  directions^  will  be  in  the  ratio 
of  tbe  tangents  z  T,  z  t',  z  t",  &c.,  of 
Fig.  716.  the  zenith  distances.* 


*  TMb  law  may  be  demonstrated  as  follows :  —  The  angle  of  inddenet 
of  the  Tisual  ray  is  equal  to  the  seulth  distance  z  of  the  object.  If  r 
express  the  refraction,  the  angle  of  refraction  will  be  2  —  r.  Let  the 
index  of  refraction  (980)  be  m.  By  the  general  law  of  refraction  we  havt, 
therefore, 

sin.  2  =  m  X  sin.  (z  —  r)=»mx  sin.  2  cos.  r  —  m  X  cos.  z  sin.  r.  ' 

Bat  since  r  is  a  very  small  angle,  if  it  be  expressed  in  seconds,  we  shall 
hare  ^ 

COS.  r  =s  1,  sin.  r  — 


2062G6' 
and,  consequently, 

sin.  z  »  m  X  sin.  z  —  m  x  cos.  z  X 


2062G5' 
and,  therefore, 

r-  200266'^  X  ^^^  X  — ' -  206266^'  X  "^^-Zi  x  Un.  f. 

m         COS.  z  m 


) 
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law  prevails  with  consSderable  extctitndei  ezoept  at  very 
tndea,  where  the  refractions  depart  from  0,  and  become  nur 

.  Quantity  of  refrmction.  —  When  the  latitade  of  the  oh- 
■y  is  koowOy  the  actual  quantity  of  refraction  at  a  given 
may  be  ascertained  by  observing  the  altitudes  of  a  (^um- 
ar,  when  it  passes  the  meridian  above  and  below  the  pole. 
m  of  these  altitudes  would  be  exactly  equal  to  twice  the 
r  (2862)  if  the  refraction  did  not  exist,  but  since  by  its 
the  star  is  seen  at  greater  than  its  true  altitudes,  the  sum  of 
ikudea  will  be  gi'eater  than  twice  the  latitude  by  the  sum  of 
»  refractions.  This  sum  will  therefore  be  known,  and  beins; 
,  between  the  two  altitudes  in  the  ratio  of  the  tangents  of 
lith  distances,  the  quantity  of  refraction  due  to  each  altitude 
known. 

pole  star  answers  best  for  this  observation,  especially  in  these 
gher  latitudes,  where  it  passes  the  meridian  within  the  limits 
more  regular  influence  of  refraction ;  and  the  difference  of 
tadea  being  only  3^,  no  considerable  error  can  arise  in  ap- 
ing the  total  refraction  between  the  two  altitudes. 
5.    Table*  of  refractioii,  —  To  determine  with  great  exacti- 
he  average  quantity  of  refraction  due  to  different  altitudes, 
.e  various  physical  conditions  under  which  the  actual  refrao- 
iparts  from  such  average,  is  an  extremely  difficult  physical 
oa.     These  conditions  are  connected  with  phenomena  subject 
ertain  and  imperfectly  known  laws.     Thus,  the  quantity  of 
ion  at  a  given  altitude  depends,  not  only  on  the  density,  but 
Q  the  temperature  of  the  successive  strata  of  air  through 
the  visual  ray  has  passed.     Although,  as  a  general  fact,  it  is 
nt  that  the  temperature  of  the  air  falls  as  we  rise  in  the 
»hcre  (2185),  yet  the  exact  law  according  to  which  it  de- 
I  is  not  fully  ascertained.     But  even  though  it  were,  the 
ioo  is  also  influenced  by  other  agencies,  among  which  the 
netric  condition  of  the  air  holds  an  important  place, 
m  these  causes,  some  uncertainty  necessarily  attends  astro- 
il  observations,  and  some  embarrassment  arises  in  cases  where 
aantities  to  be  detected  by  the  observations  are  extremely 
B.     Nevertheless,  it  must  be  remembered,  that  since  the  total 
it  of  refraction  is  never  considerable,  and  in  most  cases  it  is 
lely  minute,  and  since,  small  as  it  is,  it  can  be  vetj  nearly 
ited  and  allowed  for,  and  in  some  cases  wholly  effaced,  no 
9  obstacle  is  offered  by  it  to  the  general  progress  of  astro- 

»les  of  refraction  have  been  constructed  and  calculated,  partly 
observation  and  partly  from  theory,  by  which  the  observer 
.t  once  obtain  the  average  quantity  of  refraction  at  each  altir 


__.  *^J^t^,l  tm  rmng  and  tetting.  — 
horiion  is  33',  which  hcing  a  little  moi 
diameters  of  the  bud  and  moon,  it  follow, 
moment  of  rising  and  setting,  are  visibl 
lower  edge  of  their  disks  just  tonching  it 
below  it,  the  upper  edge  of  the  disk  just 
The  moments  of  rising  of  all  objects 
and  those  of  setting  retarded,  by  rofractii 
appear  to  rise  before  they  have  really  risi 
have  really  set ;  and  the  same  is  true  of  a 

2423.  General  ^fftrt  of  the  buromrier 
the  barometer  rises  with  the  increased  w 
air,  its  rise  is  attended  by  an  augmcnl 
decrease,  of  refraction.  It  may  be  assupc 
any  proposed  altitude  is  increased  or  dimini; 
its  mean  quantity  for  every  10th  of  an  inch 
exceeds  or  falls  short  of  the  height  of  30  ii 

2424.  Effect  of  thermometer,  —  As  the  ; 
causes  a  decrease  of  density,  the  effect  of 
by  the  elevation  of  the  thermometer,  the 
being  the  same.  It  may  be  assumed,  tlia 
proposed  altitude  is  diminished  or  increase 
its  mean  amount  for  each  degree  by  which  F 
exceeds  or  falls  short  of  the  mean  tempcrat 

2425.  TwiliylU  caiucd  hy  the  reflection 
The  sun  continues  to  illuminnt^  ♦»"»  -^ 
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It  lengtfa,  and   by  slow  degrees,  all  reflection   ceases,  and  night 
beynns. 

The  same  scries  of  phenomena  are.  developed  in  an  opposite  order 
Mare  sanrisc  in  the  morning,  commencing  with  the  first  feeble  light 
«f  dawn,  and  ending  with  the  full  blaxe  of  day  when  the  ,disk  of  the 
m  becomes  visible. 

The  general  effect  of  the  air,  clouds,  and  vapours  in  diffusing 
fi^t,  and  rendering  more  eflectual  the  general  illumination  pro- 
ODed  by  the  sun,  has  been  already  explained  in  (923,  924). 

2426.  Oval  form  of  disks  of  sun  and  moon  explained.  —  One 
of  the  most  curions  effects  of  atmospheric  refraction  is  the  oval  form 
of  the  disks  of  the  sun  and  moon,  when  near  the  horizon.  This 
mes  from  the  aneqnal  refraction  of  the  upper  and  lower  limbs. 
The  latter  being  nearer  the  horizon  is  more  affected  by  refraction, 
nd  therefore  raised  in  a  greater  degree  than  the  upper  limb,  the 
efieet  of  which  is  to  bring  the  two  limbs  apparently  closer  together, 
by  the  diflfercnce  between  the  two  refractions.  The  form  of  the 
&k  is  therefore  affected  as  if  it  were  pressed  between  two  forces, 
«e  acting  above,  and  the  other  below,  tending  to  compress  its  ver- 
tical diameter,  and  to  give  it  the  form  of  an  ellipse,  the  lesser  axis 
•f  which  is  vertical,  and  the  greater  horizontal.* 


CHAP.  VIII. 

ANNUAL  MOTION   OF  THE  EARTH. 

2427.  Apparent  motion  of  the  sun  in  the  heavens. — Indopen- 
deDtly  of  the  motion  which  the  sun  has  in  common  ^ith  the  entire 
firmament,  and  in  virtue  of  which  it  rises,  ascends  to  the  meridian, 
and  sets,  it  is  observed  to  change  its  position  from  day  to  day  with 
relation  to  the  other  celestial  objects  among  which  it  is  placed.  In 
this  respect,  therefore,  it.  differs  essentially  from  the  stars,  which 
maintain  their  relative  positions  for  months,  years,  and  ages,  unal- 
tered. 

If  the  exact  position  of  the  sun  be  observed  from  day  to  day  and 
from  month  to  month,  through  the  year,  with  reference  to  the  stars, 
it  will  be  found  that  it  has  an  apparent  motion  among  them  in  a 
great  circle  (>f  the  celestial  sphere,  the  plane  of  which  forms  an 
aogle  of  2o^  28'  with  the  plane  of  the  celestial  equator. 

2428.  An^crfaincJ  b^  the  transit  instrvmcut  and  mural  circle.  — 
This  apparent  motion  of  the  sun  was  ascertained  with  considenible 

*  For  aa  explanation  of  the  great  apparent  magnitude  of  the  solar  and  lunar 
dSflki  in  T\gio^  mod  tmUlog,  §ee  (1170). 
III.  15 


^..^.  ai.  vraicti  tbe  8un  8  centre 
be  observed  with  the  mural  circle  (2408^ 
from  day  to  day.     Let  its  distance  from  t 
declination j  be  observed  ^2415)  daily  at  i 
be  nothing  on  the  21st  oi  March  and  2h 
days  the  polar  distance  of  the  sun's  ccn 
The  sun's  centre  is,  then,  on  these  days 
After  the  21st  March  the  sun's  centre  wil 
and  its  declination  will  continually  increa 
28'  on  the  21st  June.     It  will  then  begii; 
will  continue  to  decrease  until  21st  Scpten 
the  sun  will  again  be  in  the  equator.     Af 
meridian  south   of  the  equator,  and  will  c 
declination.     This  will  increase  until  it  beet 
December;  after  which  it  will  decrease  unti 
returns  to  the  equator  on  tbe  21st  3Iarch. 

By  ascertaining  the  position  of  the  centre 
day  to  day,  by  means  of  its  right  a.«icensiun 
and  tracing  its  course  upon  the  surface  of  a 
is  proved  to  be  a  great  circle  of  the  heavens 
at  an  angle  of  23"^  28'. 

2429.  The  ecliptic,  —  This  great  circle  ir 
disk  of  the  sun  thus  appears  to  move,  compl 
in  a  year,  is  called  the  ecliptic,  because,"  fo 
explained  hereafter,  solar  and  lunar  eclipses 
except  when  the  moon  is  in  or  v«—  - 
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ttindti  equator  u  nlled  the  vernal,  and  that  at  which  it  passes 
torn  the  north  to  the  south  is  called  the  autumnal, eqiiiiKK^tiul 
fnittt.  The  TIME8  at  which  the  centre  of  the  sua  is  found  at  those 
poiurs  nre  called^  respectively,  the  vernal  and  autumnal  kqui- 

The  Ternal  equinox,  therefore,  takes  place  on  the  2lBt  March, 
■d  the  autumnal  on  the  21st  September. 

24ji2.  The  geastnu.  —  That  semicircle  of  the  ecliptic  through 
vUeh  the  sun  moTes  from  the  vernal  to  the  autumnal  equinox  is 
a«th  of  the  celestial  equator;  and  during  that  interval  the  sun  will 
therefore  (2351)  be  longer  above  than  below  the  horizon,  and  will 

Cthe  meridiao  above  the  equator  in  places  having  north  latitude. 
dajBy  therefore,  during  that  half-year,  will  be  longer  than  the 
*hti. 

That  ■emicircle  through  which  the  centre  of  the  sun  moves  from 
ihs  aataronal  to  the  vernal  equinox  being  south  of  the  celestial 
iqntor,  the  sun,  for  like  reasons,  will  during  that  half-year  be 
bager  below  than  above  the  horison,  and  the  days  will  be  Bhortcr 
thui  the  nights,  the  sun  rising  to  a  point  of  the  meridian  below  tho 
t^tor. 

The  three  months  which  succeed  the  vernal  equinox  arc  called 
VRIKO,  and  those  which  precede  it  winter;  the  three  months 
which  precede  the  autumnal  equinox  are  called  summer,  and  those 
ihieh  saocced  it  winter. 

2483.  The  vAMticet. — Those  points  of  the  ecliptic  which  are 
midway  between  the  equinoctial  points  are  the  most  distant  from  tho 
eelestial  equator.  The  arcs  of  the  ecliptic  between  these  points  and 
the  eqainocdal  points  are  therefore  90°.  These  are  called  the  soL- 
irrriAL  points,  and  the  times  at  which  the  centre  of  the  solar  disk 
ptases  through  them  are  called  the  solsticeb. 

The  summer  solstice,  therefore,  takes  place  on  the  2l8t  June,  and 
tile  winter  solstice  on  the  21st  December. 

This  distance  of  the  summer  solstitial  point  north,  and  of  the 
winter  solstitial  point  south  of  the  celestial  equator  is  23°  2%\ 

The  more  distant  the  centre  of  the  sun  is  from  the  celestial 
eqoator,  the  more  unequal  will  he  the  days  and  nights  (2356),  and 
ftmsequently  the  longest  day  will  be  the  day  of  the  summer,  and 
ihe  shorte&t  the  day  of  the  winter,  solstice. 

It  will  be  evident  that  the  seasons  must  be  reversed  in  southern 
latitudes,  since  there  the  visible  celestial  pole  will  be  the  south  pole. 
The  summer  solstice  and  the  vernal  equinox  of  the  northern,  are  the 
winter  solstice  and  autumnal  equinox  of  the  southern  hemisphere. 
Nevertheless,  as  the  most  densely  inhabited  and  civilized  parts  of 
the  globe  arc  in  the  northern  hemisphere,  the  names  in  reference  to 
the  loeal  phenomena  are  usually  preserved. 

24M.  Ths  ZoDXAa  — It  will  be  shown  hereafter  that  tihe  ai^ 
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I      moladtm  of  the  earth   round  the  sun  at  rest.     £ither  of-  theso 
M     masca  woald  explain,  in  an  equallj  satisfactory  manner,  all  the  cir- 

■  flwteaoes  attending  the  apparent  annual  motion  of  the  sun  around 

■  tbe  finnament.     There  is  nothing  in  the  appearance  of  the  sun 
F      Mf  which  could  give  a  greater  probability  to  either  of  these  hy- 

fickaes  than  to  the  other.     If,  therefore,  wo  are  to  choose  between 
IfeB,  we  moat  aeek  the  grounds  of  choice  in  some  other  ci  re  urn- 


It  was  Dot  until  the  rovival  of  letters  that  the  annual  motion  of 
it  earth  was  admitted.  Its  apparent  stability  and  repose  were 
■til  then  nniversally  maintained.  An  opinion  so  long  and  so 
f  ^Kplj  rooted  must  have  had  some  natural  and  intelligible  grounds. 
Am  grounds,  nndoubtedlj,  are  to  be  found  only  in  the  general  im- 
fnnon,  that  if  the  globe  moved,  and  especially  if  its  motion  had 
m  eoonaoufl  a  velocity  as  must  be  imputed  to  it,  on  the  supposition 
that  it  moves  annually  round  the  sun,  wq  must  in  some  wuy  or 
Hher  be  sensible  of  such  movement. 

All  the  reasons,  however,  why  we  are  unconscious  of  the  real  ro- 
ttion  of  the  earth  upon  its  axis  (2350)  are  equally  applicable  to 
Aow  why  we  must  be  unconscious  of  the  progressive  motion  of  tho 
■itli  in  ita  annual  course  round  the  sun.  The  motion  of  the  globe 
ftnoffh  apaee  being  perfectly  smooth  and  uniform,  we  can  have  no 
■asiole  means  of  knowing  it,  except  those  which  we  possess  in  the 
CMS  of  a  boat  moving  smoothly  along  a  river :  that  is,  by  looking 
ihned  at  some  external  objects  which  do  not  participate  in  the  mo- 
Am  imputed  to  the  earth.  Now,  when  we  look  abroad  at  sueh 
sbjeeU,  we  find  that  they  appear  to  move  exactly  as  stationary  ob- 
jeets  would  appear  to  move,  seen  from  a  moveable  station.  It  is 
plain,  then,  if  it 'be  true  that  the  earth  really  has  the  annual  motion 
raud  the  aun  which  is  contended  for,  that  we  cannot  expect  to  be 
eonseioaB  of  this  motion  from  anything  which  can  be  observed  on 
our  own  bodies  or  those  which  surround  us  on  the  surface  of  the 
earth  :  we  must  look  for  it  ehiewherc. 

But  it  will  be  contended  that  the  apparent  motion  of  the  sun, 
even  upon  the  argument  just  stated,  may  equally  be  explained  by 
the  motion  of  the  earth  round  the  sun,  or  the  motion  of  the  sun 
nmnd  the  earth ;  and  that,  therefore,  thb  appearance  can  still  prove 
nothing  positively  on  this  question.  We  have,  however,  other 
proofs,  of  a  very  decisive  character. 

Newton  showed  that  it  was  a  general  law  of  nature,  and  part,  in 
het,  of  the  principle  of  gravitation,  that  any  two  globes  placed  at  a 
distance  from  each  other,  if  they  arc  in  the  first  instance  quiescent 
and  firee,  must  move  with  an  accelerated  motion  to  their  common 
centre  of  gravity,  where  they  will  meet  and  coalesce ;  but  if  they 
be  projected  in  a  direction  not  passing  through  this  centre  of  gravity, 
thej  will  both  of  them  revolve  in  orbits  around  that  point  periodically. 

15* 
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mm  loe  revoiutioD  of  tho  earth  and  the  quicf 
remarkable  evidonoe  of  this  motion  has  been 
in  a  vast  body  of  apparently  complicated  phei 
immediate  efiects  of  such  a  motion,  which  c< 
if  tho  earth  were  at  rest  and  the  sun  in  raotio 
would  be  .inexplicable  on  any  other  suppositic 
of  the  earth  round  tho  sun. 

It  has  been  ascertained,  as  has  been  already 
IS  propagated  through  space  with  a  certain  grea 
of  about  192,000  miles  per  second.  That  ligl 
proved  by  the  body  of  optical  phenomena  whicL 
without  imputing  to  it  such  a  motion,  and  wh 
plicublo  if  such  a  motion  be  admitted.  In( 
another  demonstration  that  light  mnvcH  with  thi 
by  an  astronomical  phenomenon  which  will  be 
quent  part  of  this  volume. 

2440.  Aberration  of  light.  —  Assuming,  <b 
light,  and  that  the  earth  is  in  motion  in  an  orbit 
a  velocity  of  about  19  miles  per  second,  which  ; 
it  move  at  all,  as  will  hereafter  appenr,  an  effect 
upon  the  apparent  places  of  all  celestial  objects 
of  these  two  motions,  which  wc  shall  now  ezpla 

It  has  been  stated  that  the  apparent  directioi 
is  the  direction  from  which  the  visual  ray  ent 
this  direction  will  depend  on  the  actual  directi* 
eye  which  receives  it  be  quiescent;  but  if  the  ej 
same  effect  is  produced  upon  the  organ  of  sen 
sides  the  motion  which  is  proncr  to  it.  hn<4  •*> 


AKHCAL  MOTION  OF  THE  EARTH. 


175 


sot  to  a  moCioii  from  the  direction  of  the  north-east    The 

nm  which  the  light  comes  would,  therefore,  be  apparently 

displaced,  and  would  be  seen  at  a  point  beyond 

0  that  which  it  really  occupies  in  the  direction 
\  in  which  the  eye  of  the  observer  is  moved. 

1  This  displacement  is  called  accordingly  the 

;  ABERRATION  OF  LIOHT. 

:  This  may  be  made  still  more  evident  by  the 

;  following  mode  of  illustration.    Let  o,  Jig.  717, 

\  be  the  object  from  which  light  comes  in  the 

:  direetion  ooef'.    Let  e  be  the  place  of  th^  eye 

of  the  observer  when  the  light  is  at  o,  and  let 

I  the  eye  be  supposed  to  move  from  «  to  e^  in 

•  the  same  time  that  the  light  moves  from  o  to 

\   \  «^^     Let  a  straight  tube  be  imagined  to  be  di- 

\  :  rected  from  the  eye  at  e  to  the  light  at  o,  so 

\\  that  the  light  shall  be  in  the  ceiftre  of  its 

opening,  while  the  tube  moves  with  the  eye 

from  oe  to  o'V,  maintaining  constantly  the 

same  direction,  and  remaining  parallel  to  itself: 

the  light  in  moving  from  o  to  </',  will   pass 

along  its  axis,  and  will  arrive  at  ef'  when  the 

eye  arrives  at  that  point.     Now  it  is  evident 

that  in  this  case  the  direction  in  which  the 

object  would  be  visible,  would  be  the  direction 

of  the  axis  of  the  tube,  so  that,  instead  of 

appearing  in   the  direction  oo,  which  is  its 

<stioii,  it  would  appear  in  the  direction  o  o'  advanced  from 

direction  of  the  motion  ee^'  with  which  the  observer  is 
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notion  of  light  being  at  the  rate  of  192,000  miles  per 
ind  that  of  the  earth  (if  it  move  at  all)  at  the  rate  of  19 
r  second  (both  these  velocities  will  be  established  hereafter), 
V,  that  the  proportion  of  oef'  to  ee"  must  be  192,000  to 
),000,  to  1. 

LKOLE  OF  ABERRATION  o  o  o'  will  vary  With  the  obliquity 

irection  e  e"  of  the  observer's  motion  to  that  of  the  visual 

In  all  cases  the  ratio  of  oe"  to  e  e''  will  be  10,100  to  1. 

lirection  of  the  earth's  motion  be  at  right  angles  to  the 

oe"  of  the  object  o,  we  shall  have  (2294)  the  aberration. 

^206,265^ 
10,100 

»  angle  o  ^'  e  be  obliaue,  it  will  be  necessary  to  reduce  e^' 
nponent  at  right  angles  to  o^',  which  is  done  by  multiply- 
r  the  trigonometrical  sine  of  the  obliquity  oif'e  of  the  di- 
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reetion  of  the  object  to  that  of  the  earth's  motiim.  If  thia  dUi- 
quitj  be  expressed  by  o,  we  shall  have  for  the  ibemtuma  in  g^enaal 

a  =  20^42  X  sin.  o. 

Aooordiog  to  this,  the  aberration  would  be  greatest  when  the  direa- 
tion  of  the  earth's  motion  is  at  right  angles  to  that  of  the  objeal| 
and  woald  decrease  as  the  angle  o  decreases,  being  nothing  whta 
the  object  is  seen  in  the  direction  in  which  the  earth  is  moring,  or 
in  exactly  the  contrary  direction. 

The  phenomena  may  also  be  imagined  by  considering  that  tin 
earth,  in  revolving  round  the  sun,  constantly  changes  the  direction 
of  its  motion ;  that  direction  making  a  complete  revolution  with  tbe 
earthy  it  follows  that  the  effect  produced  upon  the  afqwent  plaee 
of  a  distant  object  would  be  the  same  as  if  that  object  really  le* 
Tolved  onoe  in  a  year  round  its  true  place,  in  a  curclo  whose  pkni 
would  be  parallel  to  that  of  the  earth's  orbit,  and  whose  radia 
would  subtend  at  the  earth  an  anele  of  20"'42,  and  the  object 
would  be  always  seen  in  such  a  circle  90^  in  advance  of  the  earth's 
place  in  its  orbit 

These  ciroles  would  be  reduced  by  projection  to  ellipses  of  in- 
finitely various*  excentricities,  according  to  the  position  of  tlie 
object  with  relation  to  the  plane  of  the  earth's  orbit.  At  a  point 
perpendicularly  above  that  plane,  the  object  would  appear  to  moT8 
annually  in  an  exact  circle.  At  points  nearer  to  the  ecliptic,  iti 
apparent  path  would  be  an  ellipse,  the  excentricity  of  which  would 
increase  as  the  distance  from  the  ecliptic  would  diminish,  aooording 
to  definite  conditions. 

Now,  all  these  apparent  motions  are  actually  observed  to  a&oi 
all  the  bodies  visible  on  the  heavens,  and  to  afiect  them  in  preciselj 
the  degree  and  direction  which  would  be  produced  by  the  annod 
motion  of  the  earth  round  the  sun. 

As  the  supposed  motion  of  the  earth  round  the  sun  completely 
and  satisfactorily  explains  this  complicated  body  of  phenomeDi 
called  aberration,  while  the  motion  of  the  sun  round  the  earth 
would  altogether  fail  to  explain  them,  they  afibrd  another  striking 
evidence  of  the  annual  motion  of  the  earth. 

2441.  Arf/unicnt  from  analogi/.  —  In  fine,  another  argument  in 
favour  of  the  earth's  annual  motion  round  the  sun  is  taken  froa 
its  analogy  to  the  planets,  to  all  of  which,  like  the  earth,  the  san 
is  a  souroe  of  light  and  heat,  and  all  of  which  revolve  round  thi 
sun  as  a  centre,  having  days,  nights,  and  seasons  in  all  respeflta 
similar  to  those  which  prevail  upon  the  earth.  It  seems,  therefore^ 
contrary  to  all  probability,  that  the  earth  alone,  being  one  of  tht 
planets,  and  by  no  means  the  greatest  in  magnitude  or  physical  im- 
portance, should  be  a  centre  round  which  not  only  the  sun,  bat  all 
the  other  planets,  should  revolve. 
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442.  A»nual,parallax. — ^If  the  earth  be  admitted  to  moye  an- 
il/ roand  the  son,  as  a  stationary  centre  in  a  circle  whose 
leter  mnst  have  the  vast  magnitude  of  200  millions  of  miles, 
(bserrers  placed  upon  the  earth,  seeing  distant  objects  from 
lis  of  new  so  extremely  distant  one  from  the  other  as  are  oppo- 
extremities  of  the  same  diameter  of  snch  a  circle,  must  neoes- 
jf  as  might  be  supposed,  see   these  objects  in  very  diflferent 

nioDs. 

0  comprehend  the  effect  which  might  be  expected  to  be  pro- 
id  upon  the  apparent  place  of  a  distant  object  by  such  a  motion, 

let  Els'  k"  Y!"jfig,  718,  represent  the  earth's 
annual  course  round  the  sun  as  seen  in  per- 
spective, and  let  o  be  any  distant  object 
visible  from  the  earth .  The  extremity  x 
of  the  line  EO,  which  in  the  visnvl  direction 
of  the  object,  being  carried  with  'the  earth 
round  the  circle  E  v!  tf  e'",  wi'  '  annually 
describe  a  cone  of  which  the  base  is  the 
path  of  the  earth,  and  the  vertex  is  the 
place  of  the  object  o.  While  the  earth 
moves  round  the  circle  ee",  the  Hue  of 
visual  direction  would  therefore  have  a  cor- 
responding motion,  and  the  apparent  place 
of  the  object  would  bo  successively  changed 
with  the  change  of  direcrion  of  this  line. 
If  the  object  be  imagined  to  be  projected 
by  the  eye  upon  the  firmament,  it  would" 
trace  upon  it  a  path  of/o"  o"\  which  would 
be  circular  or  elliptical,  according  to  the 
direction  of  the  object.  When  the  earth 
is  at  E,  the  object  would  be  seen  at  o;  and 
wben  the  earth  i»  at  e",  it  would  be  seen 
at  o\  The  extent  of  this  apparent  dis- 
placement of  the  object  would  be  measured 
by  the  angle  E  o  t",  which  the  diameter  E  e" 
of  the  earth's  path  or  orbit  would  subtend 
at  the  object  o. 

It  has  been  stated  that,  in  general,  the 
apparent  displacement  of  a  distant  visible 
object  produced  by  any  change  in  the  sta- 
tion from  which  it  is  viewed  is  called  paral- 
lax. That  which  is  produced  by  the 
change  of  position  due  to  the  diurnal  motion 
Fig.  718.  of  the  earth  being  called  diurnal  paral- 

y  Um  corresponding  displacement  due  to  the  annual  motion  of 
earth  is  called  the  annual  parallax. 
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Tbe  greatest  amomit,  therefore,  of  the  umiul  panlhz  ftr  mj 
propofied  object  id  the  angle  which  the  Bemidiameter  of  the  earth^ 
orbit  subtends  at  such  object,  as  the  greatest  amount  of  the  diantl 
parallax  is  the  angle  which  the  aemidiameter  of  the  earth  itself  tA- 
tenda  at  the  object. 

Now,  aa  the  most  satisfactory  evidence  of  the  anniial  motion  ef 
the  earth  would  be  the  discovery  of  this  displaoement^  and  sat* 
oessive  changes  of  apparent  position  of  all  objects  on  the  firmaiMri 
oonsequent  on  such  motion,  the  absence  of  any  aneh  phenomeiHii 
must  be  admitted  to  constitute,  j^rtmayacte,  a  formidabla  ugomeil 
against  the  earth's  motion. 

2443.  Its  effecU  upon  the  bodies  of  the  solar  system  ajmsrenL  — • 
The  effects  of  annual  parallax  are  observable,  and  indeed  aie  of 
considerable  ampunt,  in  the  case  of  all  the  bodies  composing  Ai 
aolar  system.  The  apparent  annual  motion  of  the  sun  is  altogstfafr 
due  to  parallax.  The  apparent  motions  of  the  planets  and  otkir 
bodies  composing  the  solar  system  are  the  eflfects  of  parallax,  eQ» 
bined  with  the  real  motions  of  these  varioos  bodies. 

2444.  Bui  erroneously  explained  by  the  ancients — IMewmk 
system.  —  Until  the  annual  motion  of  the  earth  was  admitted,  these 
effects  of  annual  parallax  on  the  apparent  motions  of  the  solar  sjt* 
tern  were  ascribed  to  a  very  complicated  system  of  real  motions  d 
these  bodies,  of  which  the  earth  was  assumed  to  be  the  atatioiiaiy 
centre,  the  sun  revolving  around  it,  while  at  the  same  time  the 
planets  severally  revolved  round  the  sun  as  a  moveable  eeiitn. 
This  hypothesis,  proposed  originally  by  Apollonius  of  Peiga,  a 
Grecian  astronomer,  some  centuries  before  the  birth  of  Christ,  le- 
ceivcd  the  nam^  of  the  Ptolemaic  System,  having  been  devd- 
oped  and  explained  by  Ptolemy,  an  Egyptian  astronomer  who 
flourished  in  the  second  century,  and  whose  work,  entitled  *<  Syntaa," 
obtained  great  celebrity,  and  for  many  centuries  continoed  to  be 
received  as  the  standard  of  astronomical  science. 

Although  Pythagoras  had  thrown  out  the  idea  that  the  annail 
motion  of  the  sun  was  merely  apparent,  and  that  it  arose  tnm  a 
real  motion  of  the  earth,  the  natural  repugnancy  of  the  haiaai 
mind  to  admit  a  supposition  so  contrary  to  received  notions  pr^ 
vented  this  happy  anticipation  of  future  and  remote  discovery  froa 
receiving  the  attention  it  merited ;  and  Aristotie,  less  sagacious  that 
Pythagoras,  lent  the  great  weight  of  his  authority  to  the  cootitiy 
hypothesis,  which  was  accordingly  adopted  universally  by  thelesiwd 
world,  and  continued  to  prevail,  until  it  was  overturned  in  the  middle 
of  the  sixteenth  century,  by  the  celebrated  Copernicus,  who  revived 
the  Pythagorean  hypothesis  of  the  stability  of  the  sun  and  tke 
motion  of  the  earth. 

2445.  Copernican  system,  —  The  hypothesis  proposed  by  Ub 
in  a  work  entitied  <'  De  Revolutionibus  Orbium  Ccslestiumi''  pi^ 
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KiM  10  1543,  at  the  moment  of  his  death,  is  that  since  known  as 
the  CoPERNiCAN  System,  and,  beinff  now  esteblished  u])on  evi- 
dcnee  saffieiently  demonstrative  to  direst  it  of  its  hypothetical 
ebtiacler,  is  admitted  as  the  exposition  of  the  actual  movements  by 
which  that  part  of  the  universe  called  the  solar  system  is  affected. 

2M46.  EffeeU  of  annual  parallax  of  ike  ttan,  —  The  greatest 

4ifteulty  against  which  the  (Jopcmican  system  has  had  to  straggle, 

tfeo  among  the  most  enlightened  of  its  opponents,  has  been  the 

•bKnce  of  all  apparent  efiects  of  parallax  among  the  fixed  stars, 

thoM  objects  which  are  scattered  in  such  countless  numbers  over 

•tery  part  of  the  firmament.     From  what  has  been  explained,  it 

will  be  perceived  that,  supposing  these  bodies  to  be,  as  they  evi- 

^■iidj  mosi  be,  placed  at  vast  distances  outside  the  limits  of  the 

iokr  sjstem  and  in  every  imaginable  direction  around  it,  the  effects 

if  annoai  parallax  would  be  to  give  to  each  of  them  an  apparent 

aonual  motion  in  a  circle  or  ellipse,  according  to  their  direction  in 

iclation  to  the  position  of  the  earth  in  its  orbit,  the  ellipse  varying 

IB  iu  eccentricity  with  this  position,  and  the  diameter  of  the  circle 

or  major  axis  of  the  ellipse  being  determined  by  the  angle  wbich 

tka  diameter  ee"  (fff,  718)  of  the  earth's  orbit  subtends  at  the 

■tSTp  being  less  the  greater  the  distance  of  the  star,  and  vice  vfrxa. 

The  apparent  po^itiun  of  the  star  in  this  circle  or  ellipse  would  be 

tvidentlj  always  in  the  plane  passing  through  the  star,  and  the  lino 

joining  the  suu  and  earth. 

2447.  CltMte  resemblance  of  these  to  aberration.  —  Now,  it  will  be 
apparent,  that  such  phenomena  bear  a  very  close  rrsemblanee  to 
thwe  of  aberration  already  described  (2440).  In  both  the  stars 
appear  to  move  annually  in  small  circles  when  situate  90^  from  the 
teliptie;  in  both  they  appear  to  move  in  small  ellipses  between  that 
poaitaoD  and  the  ecliptic;  in  both  the  eccentricities  of  the  ellipses 
iaereaae  in  approaching  the  ecliptic ;  and  in  both  the  ellipses  flatt<!U 
into  their  transverse  axis  when  the  object  is  actually  in  the  ecliptic. 

2448.  Yei  aberration  cannot  arise  J'rom  parallax.  —  Notwith- 
sftandine  this  close  correspondence,  the  phcnoinena  of  aberration  arc 
Htlnrlj  incompatible  with  tho  effects  of  annual  piirallax.  The  up- 
pnient  displacement  produced  by  aberration  is  always  in  tho  direc- 
tion of  the  earth's  motion,  that  is  to  say,  in  the  direction  of  the 
langent  to  the  earth's  orbit  at  the  point  where  the  earth  happens  to 
ho  plneed.  The  apparent  displacement  due  to  piirullax  would,  on  the 
Qontnry,  be  in  the  direction  of  the  line  joining  the  earth  and  sun. 
Xbe  appnrent  axis  of  the  ellipse  or  diameter  of  the  circle  of  aberra- 
tioo  ia  exactly  the  same,  that  is  20" -42,  for  all  the  stars ;  while  the 
apparent  axis  of  the  ellipse  or  diameter  of  the  circle  duo  to  annual 
pandiax  would  be  different  for  stars  at  different  distances,  and  would 
^affjy  in  fact^  in  the  inverse  ratio  of  tho  distance  of  the  star,  nnd 
oonld  not  therefore  be  the  same  for  ail  stars  whatever,  except  on  the 


iMiniiiaz  can  only  be  ascribed  to  the 
placed  at  distances  from  the  solar  s 
orbit  of  the  earth  shrinks  into  a  po. 
tioD  of  an  observer  round  this  orbit, 
with  all  our  familiar  standards  of  nii 
parent  displacement  of  a  fixed  star  tl 
round  a  grain  of  mustard  seed  wou. 
direction  of  the  moon  or  sun. 

We  shall  return  to  the  subject  of  tl 
in  a  subsequent  chapter. 

2450.   The  diurnal  and  annval ph 
motions  of  the  earth.  —  Considering,  t 
the  earth,  as  well  as  its  diurnal  rotatit 
show  how  these  two  motions  will  ezp 
manifested  in  the  succession  of  seasons. 

While  the  earth  revolves  annually  ro 
of  rotation  at  the  same  time  upon  a  c 
which  is  inclined  from  the  perpendicuk 
23^  28'.  During  the  annual  motion 
keeps  continually  parallel  to  the  same  d 
plutes  its  revolution  upon  it  in  twent 
minutes.  In  consequence  of  the  combi 
tation  of  the  earth  upon  its  axis  with  it 
sun,  we  are  supplied  with  the  altema 
the  succession  of  seasons. 

When  the  globe  of  the  earth  is  in  su 
pole  leans  toward  the  sun,  the  greater  p 
sphere  is  enlightened.  anH  ♦*•- 
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ml  «rhit,  rireniDKUTKOB  sre  rcrened :  then  the  daya  are  loager 
hu  the  Dighta  in  tbe  BOntbcrn  hemitiphere,  ■nd  the  nights  ure 


rig.  Tl«. 


Tig.  120. 


|cr  than  tbe  days  id  the  northern  hemisphere.  At  the  intenuc- 
tt  poinU  of  the  earth's  annttsl  path,  when  tbe  ajcis  awumes  a 
ilioa  perpendiculir  to  the  direction  of  the  ann,  fig.  720,  then 
ctrele  of  light  and  darkness  passes  through  the  poiea;  all  piral- 
lii  every  p«rt  of  tbe  earth  ore  equolly  divided,  and  there  is  con- 
■entlj  equal  day  and  night  ■!!  over  tbe  glube. 
[n  tk«  annexed  perspective  diagram,  ^^j;.  721,  these  fonr  positions 
the  earth  an  exhibited  in  snob  a  manner  as  to  be  clearly  intel- 


PIg.m. 

Oi  tbe  day  of  the  Slst  of  Jnne,  the  north  pole  is  turned  in  t! 
cetion  of  the  snn;  on  tbe  Slst  of  Decetnbcr,  the  sonth  pole 
'Ded  in  that  direction.     Co  the  days  of  the  equinoies,  the  a: 
tbe  earth  is  at  right  angles  to  the  direction  of  the  svn,  and  it 
nl  day  and  night  eTerynhcrc  on  the  earth. 
Tbe  annoal  nrintion  of  the  position  of  the  snn  with  reference  to 
I  equator,  or  the  chaogcn  of  its  declination,  are  cxplaini^d  by  these 
itioBfl.     Tbe  snmmcr  solstice  —  the  time  when  tbe  saa's  distance 
III.  16 
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from  the  eqottor  is  the  greatest —  Ukei  place  when  the  Bortli  pob 
leans  towards  the  sun ;  and  the  winter  solstice  —  or  tlie  time  whei 
the  sun's  distance  south  of  the  equator  is  greatest — takes  pkei 
when  the  south  pole  leans  toward  the  sun. 

In  virtue  of  these  motions,  it  follows  that  the  sun  is  twice  a  jeir 
vertical  at  all  places  hetween  the  tropics ;  and  at  the  tropics  them- 
sclyes  it  is  vertical  once  a  jear.  In  all  higher  latitudes  the  prait 
at  which  the  sun  passes  the  meridian  daily  alteniatelj  approaches  to 
and  recedes  from  the  zenith.  From  the  21st  of  December  until  ths 
21st  of  June,  the  point  continually  approaches  the  lenith.  B 
comes  nearest  to  the  lenith  on  the  21st  of  June;  and  fix>m  that  day 
until  the  2l8t  of  December,  it  continually  recedes  from  the  lenitli, 
and  attains  its  lowest  position  on  the  latter  day.  The  difierence, 
therefore,  between  the  meridional  altitudes  of  the  sun  on  the  daji 
of  the  summer  and  winter  solstices  at  all  places  will  be  tvioe 
twenty-three  decrees  and  twenty-eight  minutes,  or  fbrty-ds  degrees 
and  fifty-six  minutes.  In  all  places  beyond  the  tropica  in  the 
northern  hemisphere,  therefore,  the  sun  rises  at  noon  on  the  21at 
of  June,  forty-six  degrees  and  fifty-six  minutes  higher  than  it  tms 
on  the  21st  of  December.  These  are  the  limits  of  meridional  alti- 
tude which  determine  the  influence  of  the  sun  in  difierent  plaees. 

2451.  Mean  solar  or  civil  time.  —  It  has  been  explained  that  the 
rotation  of  the  earth  upon  its  axis  is  rigorously  uniform,  and  is  the 
only  absolutely  uniform  motion  among  the  many  and  complicated 
motions  observable  on  the  heavens.  This  quality  would  render  it 
a  hiffhly  convenient  measure  of  time,  and  it  is  aooordin^y  adopted 
for  that  purpose  in  all  observatories.  The  hands  of  a  nderaKl  dock 
move  in  perfect  accordance  with  the  apparent  motion  of  the  fi^ 
mament 

Bnt  for  civil  purposes,  uniformity  of  motion  is  not  the  only  eon- 
dition  which  must  be  fulfilled  by  a  measure  of  time.  It  k  weally 
indispensable  that  the  intervals  into  which  it  divides  dnratioB  BDoald 
be  marked  by  conspicuous  and  universally  observable  phefnomeiii. 
Now  it  happens  that  the  intervals  into  which  the  diurnal  revolntioa 
of  the  heavens  divides  duration,  are  marked  by  phenomena  which 
astronomers  alone  can  witness  and  ascertain,  but  of  which  mankiiKl 
in  general  arc,  and  must  remain,  altogether  unconscious. 

2452.  Civil  day  —  noon  and  midniyht  —  For  the  purposes  of 
common  life,  mankind  by  general  consent  has  therefore  adopted  the 
interval  between  the  successive  returns  of  the  centre  of  the  son'i 
disk  to  the  meridian,  as  the  unit  or  standard  measure  of  time.  Thii 
interval,  called  a  civil  day,  is  divided  into  24  equal  parts  called 
HOURS,  which  are  again  subdivided  into  minutes  and  seconds  tf 
already  explained  in  relation  to  sidereal  time.  The  hours  of  the 
civil  day,  however,  are  not  counted  from  0  to  24,  as  in  sidereal  tine, 
but  are  divided  into  two  equal  parts  of  12  hours,  one  oommeneiiiC 
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oentre  of  the  sun  is  on  the  meridian,  the  moment  of  which 
d  NOON  or  mii>-dat;  and  the  other  12  hours  later,  when  the 
of  the  sun  must  pan  the  meridian  below  the  horizon,  the 
it  of  which  is  midniqht. 

civil  purptifie,  this  latter  moment  has  been  adopted  as  the 
ncement  of  one  day,  and  the  end  of  the  other. 

\.  Difference  hehceen  mean  $olar  and  ndereal  time.  —  A 
ly  10  evidently  longer  than  a  sidereal  day.  If  the  sun  did 
iDge  its  position  on  the  firmament,  its  oentre  would  return  U^ 
ridian  after  the  same  interval  that  elapses  between  the  sue- 

tnuisits  of  a  fixed  star.  But  since  the  sun,  as  has  been 
led,  moves  at  the  rate  of  about  1^  per  day  from  west  to 
id  since  this  motion  takes  place  upon  the  ecliptic,  which  is 
1  to  the  equator  at  an  angle  of  23^  28',  the  centre  of  the  sun 
es  its  right  ascenidon  from  day  to  day,  and  this  increase  varies 
ng  to  its  position  on  the  ecliptic.  When  the  circle  of  decli- 
on  which  the  oentre  of  the  sun  is  placed  at  noon  on  one  day 
.  to  the  meridian  the  next  day,  the  centre  of  the  sun  will  have 

and  will  be  found  upon  another  circle  of  declination  to  the 
it;  and  it  will  not  consequently  come  to  the  meridian  until  a 
notes  later,  when  this  other  circle  of  declination,  by  the  di- 
lotion  of  the  heavens,  shall  come  to  coincide  with  the  meridian. 
ce  the  solar  day  is  longer  than  the  sidereal  day. 

I.  Difftreiioe  between  apparent  noon  and  mean  noon,  —  But 
irom  the  cause  just  stated  and  another  which  will  be  presently 
led,  the  daily  increase  of  the  sun's  right  ascension  is  variable, 
ference  between  a  sidereal  day  and  the  interval  between  the 
ive  transits  of  the  sun  is  likewise  variable,  and  thus  it  would 
that  the  solar  days  would  be  more  or  less  unequal  in  length. 

5.  Mean  toiar  time  —  Equation  of  time,  —  Hence  has  arisen 
edient  adopted  fur  civil  purposes  to  efface  this  inequality.  An 
dury  Bun  is  conceived  to  accompany  the  true  sun,  making  the 
tie  revolution  of  the  heavens  with  a  rigorously  uniform  increase 
it  ascension  from  hour  to  hour,  while  the  increase  of  the  right 
ion  of  the  true  sun  thus  varies.  The  time  measured  by  the 
\  of  this  imaginary  sun  is  called  mean  solar  time,  and  the 
oeasured  by  the  motion  of  the  true  sun  is  called  apparent 

TIME. 

difference  between  the  apparent  and  mean  solar  time  is  called 

EQUATION  OP  TIME." 

variation  of  the  increase  of  the  sun's  right  ascension  being 
id  within  narrow  limits,  the  true  and  imaginary  suns  can  never 
asunder,  and  consecjuently  the  difference  between  mean  and 
"Xki  time  is  never  considerable. 
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The  time  indicated  by  a  sun-dial  is  apparent  time|  tliat  indiioitel 
by  an  ezaotlj  regulated  clock  or  watch  is  mean  time. 

Tbe  correction  to  be  applied  to  apparent  time,  to  reduce  it  to 
mean  time,  is  often  engraved  on  sun-dials,  where  it  is  stated  how 
much  "  the  sun  is  too  fast  or  too  slow." 

2456.  Distance  of  the  sun,  —  Although  the  problem  to  deicrmifli 
with  the  greatest  practical  precision  the  distance  of  the  sun  from  Um 
earth  is  attended  with  great  difficulties,  many  phenomena  of  euj 
observation  supply  the  means  of  ascertaining  that  this  distance  mo^ 
bear  a  very  great  proportion  to  the  earth  s  diameter,  or  must  be 
such  that,  by  comparison  with  it,  a  line  8000  miles  in  length  i& 
almost  a  point.  If,  for  example,  the  apparent  dbtanoe  of  the  oentn 
of  the  sun  from  any  fixed  star  be  observed  simultaneouslj  from  two 
places  upon  the  earth,  no  matter  how  far  they  are  apart,  no  diflferenee 
will  be  discovered  between  them,  unless  means  of  obaervation  nt- 
oeptible  of  extraordinary  precision  be  resorted  to.  The  ezpednoti 
by  which  the  apparent  displacement  of  the  sun's  centre  by  a  oham 
of  position  of  the  observer  from  one  extremity  of  a  diameter  of  tEs 
earth  to  the  other,  or,  what  is  the  same,  the  apparent  magnitode  of 
the  diameter  of  the  earth  as  it  would  be  seen  from  the  sun,  has  heea 
ascertained,  will  be  explained  hereafter.  Meanwhile,  however,  it 
may  be  stated  that  this  visual  angle  amounts  to  no  more  than  17'''2, 
or  about  the  hundredth  part  of  the  apparent  diameter  of  the  son  as 
seen  from  the  earth. 

Supplied  with  this  datum,  and  the  actual  magnitude  of  the  diame* 
ter  of  the  earth,  we  can  calculate  the  distance  of  the  sun  by  the  role 
explained  in  2298.  If  r  express  the  distance  of  the  sun,  and  a  tha 
diameter  of  the  earth,  we  shall  have 

r  =  -^~ —  X  a  =  11,992  X  a. 

It  appears,  therefore,  that  the  distance  of  the  sun  is  equal  to  11,992 
diameters  of  the  earth,  und  since  the  diameter  of  the  earth  measorei 
about  7900  miles  (2389),  the  distance  of  the  sun  must  be 

11,992  X  7900  =  94,736,800  miles. 

or  very  nearly  ninety-five  millions  of  miles. 

Since  the  mean  disraiico  of  the  earth  from  the  sun  -has  been 
adopted  as  the  unit  or  standard,  with  reference  to  which  astronomical 
distuuccs  generally  arc  expressed,  it  is  of  the  highest  importance  to 
ascertain  its  value  with  the  greatest  precision  which  our  means  of 
obscrvatiou  and  uieasurcment  admit.  By  elaborate  calculations, 
based  upon  the  observations  made,  in  1769,  on  the  transit  of  Venus, 
it  has  accordingly  been  shown  by  Professor  Enck^,  that  when  the 
earth  is  at  its  uieun  distance  from  t^e  sun,  the  semidiameter  of  tbe 
terrestrial  equator  subtends  at  the  sun  an  angle  of  8"'5776.  This 
is  therefore  the  mean  equatorial  horizontal  paSrallaz  of  the  son ;  and 
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if  roxpn's^  tlip  seniuliamoter  of  tlio  equator,  and  D  the  mean  distance 
of  the  earth  from  the  sun,  we  shall  therefore  have 

206265  ^...^ 

o'oi  to  ' 

ad  matB  tbe  MDiidiaiiieter  of  the  eqoator  measaras  8962*8  miles 
(2889),  it  follows  that 

B  =  95,293,452. 

Sioee  all  the  namerical  results  of  observation  and  measnreinent 
are  liable  to  some  amount  of  error,  it  is  important,  when  precision 
if  reqaired,  to  know  the  limit  of  this  error,  in  order  to  appreciate 
the  extent  to  which  such  results  are  to  be  relied  upon.  In  all  cases 
this  is  poesible,  a  major  and  minor  limit  of  the  computed  or  observed 
qoantitj  being  assignable,  which  cannot  be  exceeded.  In  the  present 
ease  the  value  of  D  cannot  vary  from  the  truth  by  more  than  itA 
three-hundredth  part;  that  is  to  say,  the  actual  mean  distance  of 
the  earth  from  the  sun,  or  the  semiaxis  major  of  the  orbit,  cannot 
be  greater  than 

95,293,452  +  117,645  =  95,411,097  miles, 
or  kn  than 

95,293,452  — 117,645  =  95,175,807  miles. 

2457.  Linear  value  of  V  at  the  8un*s  distance.  —  By  what  has 
been  explained  in  2298,  it  appears  that  the  linear  value  of  1"  at  the 
•on 'a  distance  b 

95,000,000     ,^^     ., 
M^n  M*'    =466  miles. 
206,'2Go 

2458.  Dailjf  and  hourf^  apparent  motion  of  the  sun,  and  real 
motion  of  the  earth, — Since  the  sun  moves  over  360°  of  the  heavens 
in  36bi  days,  its  daily  apparent  motion  must  bo  59'*14,  or  3548", 
which  being  about  twice  the  sun's  apparent  diameter,  it  is  easy  to 
remember  that  the  disk  of  the  sun  appears  to  move  in  the  firmament 
daily  over  a  space  nearly  equal  to  twice  its  own  apparent  diameter. 
Its  hourly  apparent  motion  is 

?^=147"-8. 

Since  1"  at  the  sun's  distance  is  equal  to  406  miles,  and  since  the 
real  orbitual  motion  is  ef]ual  to  that  which  the  sun  would  have  if  it 
moved  round  the  earth  in  a  year,  it  follows  that  the  daily  orbitual 
motioo  of  the  earth  is 

3548  X  466  =  1,653,368  miles, 
and  its  motions  per  hour,  minute,  and  second,  arc 

68,890  miles  per  hour, 
1,148  miles  per  minute, 
19*1  miles  per  second. 

10* 
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Fig.  722.  Fig.  723. 

and  the  position  of  the  wires;  he  will  find  that,  afte 
the  wires  will  no  longer  touch  the  sun,  but  will  per 
within  it,  as  represented  in  Jig,  723.  And  after  a 
time,  he  will  find,  on  the  other  hand^  that  they  fall 
it,  as  in  fg,  724. 

Now,  as  the  wires  throughout  such  a  series  of  • 
maintained  always  in  the  same  position,  it  follows  I 
the  sun  must  appear  smaller  at  one  time,  and  larg< 
that,  in  fact,  the  apparent  magnitude  of  the  sun  m 
It  is  true  that  this  variation  is  confined  within  very  i 
still  it  is  distinctly  perceptible.  What,  then,  it  may 
be  its  cause  ?  Is  it  possible  to  imagine  that  the  si 
goes  a  change  in  its  size?  This  idea  would,  nn< 
stances,  be  absurd ;  but  when  we  have  ascertained, 
that  the  change  of  apparent  magnitude  of  the  sUd 
periodical  —  that  for  one  half  of  the  year  it  contini 
until  it  attains  a  minimum,  and  then  for  the  ne: 
increases  until  it  attains  a  maximum — such  a  sn; 
of  a  real  periodical  change  in  the  globe  of  the  sun  bee 
incredible. 

Iff  then,  an  actual  change  in  the  magnitude  of  th 
sible,  there  is  but  one  other  conceivable  cause  for  tl 
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of  Deeembcr;  that  from  Deoember  to  July,  it  rogalarlj  decreases; 
isd  from  July  to  December,  it  regularly  iDoreases. 

Since  the  distance  of  the  earth  from  the  sun  must  increase  in  the 
mne  ratio  as  the  apparent  diameter  of  the  sun  decreases,  and  vice 
)end  (1118),  the  Yariation  of  the  distance  of  the  earth  from  the  sun 
a  CTeiy  poeitioD  which  it  assumes  in  its  orbit  can  be  exactly  ascer* 
Mned.  A  plan*  of  the  form  of  the  orbit  may  therefore  be  laid 
Iqvny  haTing  the  point  occupied  by  the  centre  of  the  sun  marked  in 
k  Soch  a  plaa  proves  on  geometric  examination  to  be  an  ellipse, 
he  place  of  the  sun  being  one  of  the  foci. 

2460.  Method  of  detcrxhing  an  eUipse  —  its  foci j  axisy  and  eccen- 
ficify.  —  If  the  ends  of  a  thread  be  attached  to  two  points  less 
lisunt  from  each  other  than  its  entire  length,  and  a  pencil  be  looped 
0  the  thread,  and  moved  round  the  points,  so  as  to  keep  the  thread 
ight,  it  will  trace  an  ellipse,  of  which  the  two  points  are  the  foct. 

The  line  drawn  joining  the  foci,  continued  in  both  directions  to 
ke  ellipse^  is  called  its  transverse,  or  major  axis. 

Another  line,  passing  through  the  middle  point  of  this  at  right 
■gles  to  it,  is  called  its  minor  axis. 

The  middle  point  of  the  major  axis  is  called  the  centre  of  the 

iDipse: 

The  fractional  or  decimal  number  which  expresses  the  distance 
if  the  focus  from  the  centre,  the  semiaxis  major  being  taken  as  the 
pwt^  is  called  the  eccentricity  of  the  ellipse. 

Tn  Ji(/.  725,  c  is  the  centre,  s 
and  ly  the  fuci,  A  B  the  transverse 
axis. 

Tlie  loss  the  nitio  of  s  s'  to  A  B, 
or,  what  is  the  same,  the  less  the 
|b  cocuiitricity  is,  the  more  nearly  the 
form  of  the  ellipse  approaches  to 
that  of  u  circle,  and  when  the  foci 
actually  coalesce,  the  ellipse  be- 
comes an  exact  circle. 

*24 G 1 .  Eccen trie ifi/  of  the  ea rth ' s 
orf/if.  —  The  eccentricity  of  the 
elBptic  orbit  of  the  earth  is  so  small,  that  if  an  ellipse,  representing 
tntly  that  orbit,  were  drawn  upon  paper,  it  would  be  distinguishable 
ftom  a  circle  only  by  submitting  it  to  exact  measurement.  The 
eooentricity  of  the  orbit  has  been  ascertained  to  be  only  001070. 
The  semiaxis  major,  or  mean  distance,  being  1-0000,  the  greatest 
md  least  distances  of  the  earth  from  the  sun  will  be  — 

B  8  « 1-0000  4-  001679  =  101679 
A  8  =  10000  —  001671)  =  0-98^21. 


Fig.  725. 


«».  vuij,  auu  ID  pennelion  on  Ist  Januar; 

Contrary  to  what  might  be  expected,  therefore, 
distant  from  the  sun  in  summer  than  in  winter. 

2463.    VaricUions  of  temperature  through  the 
cession  of  spring,  summer,  autumn,  and  winter,  i 
of  temperature  of  the  seasons  —  so  far  as  these 
on  the  position  of  the  sun  —  will  now  require  to  I 
The  influence  of  the  sun  in  heating  a  portion  ol 
face,  will  depend  partly  on  its  altitude  above  tl 
greater  that  altitude  is,  the  more  perpendicularly  t 
and  the  greater  will  be  their  calorific  effect. 
To  explain  this,  let  us  suppose  A  B  c  D,  Jij.  72 

beam  of  the  sol 

* ^  represent  a  portii 

snrtiuM;,  upon  ? 
would  fall  perpc 
let  CE  represent 
which  it  would  fs 
same  number  of 
the  surfaces  c  D  a 
surface  c  £  being  < 
than  C  D,  the  rays  will  necessarily  fall  more  dense 
and  as  the  heating  power  must  be  in  proportion  1 
the  rays,  it  follows  that  c  d  will  be  heated  more  tha 
same  proportion  as  c  E  is  greater  than  c  D.  But  if 
pare  two  surfaces  on  neither  of  which  tho  nnn'o  ^ 


Fig.  726. 
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ie  direction  in  which  its  rays  will  strike  the  sur&ce  at 

the  more  effective  will  be  their  heating  power.     So  far, 

be  heating  power  depends  on  the  altitude  of  the  sun,  it 

rreascd  with  every  increase  of  its  meridian  altitude. 

t  is  that  the  heat  of  summer  increases  as  we  approach  the 

The  lower  the  latitude  is,  the  greater  will  be  the  height 

be  SOD  will  rise.    The  meridian  altitude  of  the  sun  at  the 

obticc   being  everywhere  outside   the   tropics   forty-six 

d  fifty*six  minutes  more  than  at  the  winter  solstice,  the 

ect  will  be  proportionately  greater. 

I  is  not  the  only  cause  which  produces  the  greatly  superior 

immer  as  compared  with  winter,  especially  in  the  higher 

The  heating  effect  of  the  snn  depends  not  alone  on  its 

midday ;  it  also  depends  on  the  length  of  time  which  it 

be  horizon  and  below  it.     While  the  sun  is  above  the 

is  continually  imparting  heat  to  the  air  and  to  the  snriace 

th;  and  while  it  is  below  the  horizon,  the  heat  is  oon- 

leing  dissipated.     The  longer,  therefore,  —  other  things 

lame, — the  sun  is  above  the  horizon,  and  the  shorter  time 

it,  the  greater  will  be  the  amount  of  heat  imparted  to  the 

y  twenty-four  hours.     Let  us  suppose  that  between  sun- 

iUE»et,  the  sun,  by  its  calorific  effect,  imparts  a  certain 

heat  to  the  atmosphere  and  the  surface  of  the  earth,  and 

sunset  to  sunrise  a  certain  amount  of  this  heat  is  lost : 

of  the  action  of  the  sun  will  be  found  by  deducting  the 

1  the  former. 

then,  it  appears  that  the  influence  of  the  sun  upon  the 
ipends  as  much  upon  the  length  of  the  days  and  nights  as 
Ititude ;  but  it  so  happens  that  one  of  these  circumstances 
ipon  the  other.  The  greater  the  sun's  meridional  altitude 
iger  will  be  the  days,  and  the  shorter  the  nights ;  and  the 
the  longer  will  bo  the  nights,  and  the  shorter  the  days, 
k  circumstances  always  conspire  in  producing  the  increased 
re  of  summer,  and  the  diminished  temperature  of  winter. 
Whjf  the  lontjest  Jay  is  not  alio  the  hottest, —  The  dotj' 
\,  difficulty  is  sometimes  felt  when  the  operation  of  these 
considered,  in  understanding  how  it  happens  that,  not- 
ing what  has  been  stated,  the  21st  of  June  —  when  the 
the  highest,  when  the  days  are  longest  and  the  nights 
-is  not  the  hottest  day,  but  that,  on  the  contrary,  the 
aa  they  are  called,  which  comprise  the  hottest  weather  of 
occur  in  August;  and  in  the  same  manner,  the  21st  of 
r — when  the  height  to  which  the  sun  rises  is  least,  the 
Lest,  and  the  nights  longest  —  is  not  usually  the  coldest  day, 
on  the  other  hand,  the  most  inclement  weather  occurs  at  a 
3d. 


wvpoive  day  and  nigbt,  the  general  temp 

ereaee.     On  tho  21st  of  Jane,  when  the 
night  is  shortest,  and   the  sun  rises  high 
reaches  its  maximum;  but  the  teroperatur 
not  therefore  cease  to  increase.     After  the  2 
tinues  to  be  still  a  daily  augmentation  of  heat 
tinues  to  impart  more  heat  during  the  day  tl 
night.     The  temperature  of  the  weather  will  \ 
increase  when,  by  the  diminished  length  of  t 
length  of  the  night,  and  tho  diminished  meri< 
sun,  the  beat  imparted  during  the  day  is  just 
lost  during  the  night.     There  will  be,  then,  n 
temperature,  and  the  heat  of  tho  weather  wi 
maximum. 

But  it  might  occur  to  a  supcrOeial  observer, 
would  lead  to  the  conclusion  that  the  weather 
increase  in  its  temperature,  until  the  length 
become  equal  to  the  length  of  the  nights ;  and 
case,  if  the  loss  of  heat  per  hour  during  the  nigh 
gain  of  heat  per  hour  during  the  day.     But  su 
the  loss  is  more  rapid  than  the  gain,  and  the  < 
the  hottest  day  usually  comes  within  the  month 
long  before  the  day  of  the  autumnal  equinox. 

The  same  reasoning  will  explain  why  the  o* 
not  usually  occur  on  the  21st  of  December,  whei 
and  tho  nieht  longest,  and  when  the  sun  attaint 
onal  altitude.  Tho  decrease  of  tho  tcmpeniti 
depends  upon  tho  loss  of  hent  /)•«•>'- 
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that  the  pontioD  of  the  sqd  within  the  elliptic  orbit  of  the 
rach  that  the  earth  ia  nearest  to  the  son  aboat  the  Ist  of 
',  and  most  distant  from  it  about  the  Ist  of  Julj.  As  the 
power  of  the  snn's  rajs  increases  as  the  distance  from  the 
minishesy  in  even  a  higher  proportion  than  the  change  of 
I,  it  might  be  expected  that  the  effect  of  the  sun  in  heating 
I  on  the  1st  of  Jannaiy  would  be  considerably  sreater  than 
si  of  Jnlj.  If  this  were  admitted,  it  would  follow  that  the 
■oCioa  of  the  earth  in  its  elliptic  orbit  would  have  a  ten- 
dimi&iah  the  cold  of  the  winter  in  the  northern  hemisphere, 
gnte  the  heat  of  summer,  so  as  to  a  certain  extent  to  equaliio 
ddb;  and,  on  the  contrary,  in  the  southern  hemisphere, 
m  1st  of  January  is  in  the  middle  of  summer,  and  the  Ist 
la  the  middle  of  winter,  its  effects  would  be  to  aggravate  the 
vinter  and  the  heat  in  summer.  The  investigations,  how- 
ich  have  been  made  in  the  physics  of  heat,  have  shown 
;  principle  is  governed  by  laws  which  counteract  such  cffcctd. 
I  operation  of  all  other  phybical  agencies,  the  sun's  calo- 
er  requires  a  definite  time  to  produce  a  given  effect,  and  the 
sived  by  the  earth  at  any  part  of  its  orbit  will  depend  con- 
m  its  distance  from  the  sun  and  the  length  of  time  it  takes 
ae  that  portion  of  its  orbiL  In  fact,  it  has  been  ascertained 
heating  power  depends  as  much  on  the  rate  at  which  the 
nges  its  longitude  as  upon  the  earth's  distance  from  it. 
happens  that,  in  consequence  of  the  laws  of  the  planetary 
,  diaoovered  by  Kepler,  and  explained  by  Newton,  when  the 
most  remote  from  the  sun,  its  velocity  is  least,  and  conse- 
the  hourly  changes  of  longitude  of  the  sun  will  be  propoi^ 
lesB.  ^  Thus  it  appears  that  what  the  heating  power  loses 
lented  distance,  it  gains  by  diminished  velocity  •  and  again, 
e  earth  is  nearest  to  the  sun,  what  it  gains  by  diminished 
P  it  loses  by  increased  speed.  There  is  thus  a  complete  com- 
D  produced  in  the  heating  effect  of  the  sun,  by  the  dimi- 
docity  of  the  earth  which  accompanies  its  increased  distance. 
period  of  the  year,  during  which  the  heat  of  the  weather  ia 
most  intense,  was  called  the  canicular  days,  or  dog 
These  days  were  generally  reckoned  as  forty,  commencing 
le  3d  of  July,  and  received  their  name  from  the  fact,  that  in 
limes  the  bright  star  Sirius,  in  the  constellation  of  Canis 
MT  the  Great  JDog,  at  that  time  rose  a  little  before  the  sun, 
raa  to  the  sinister  influence  of  this  star  that  were  ascribed 
effects  of  the  inclement  heat,  and  especially  the  prevalence 
MM  among  the  canine  race.  Owing  to  a  cause  which  will 
ained  hereafter  (the  precession  of  the  equinoxes),  this  star 
er  rises  with  the  sun  during  the  hot  season. 


various  influeDccs,  affecting  not  only  the  physical 
globe,  bat  also  the  phenomena  of  the  organised  wor 
as  much  an  object  of  popular  superstition  as  of  sciei 
These  circumstances  doubtless  are  in  some  degr 
striking  appearance  in  the  firmament,  to  the  Tai 
form  to  which  it  is  Hubject,  and  above  all  to  its 
earthy  and  the  close  alliance  existing  between  it  am 

2466.  //K  r/iVrowrir.  —  Tb< 
moon  is  computed,  by  the  u 
in  28*28,  by  first  asccrtainin 
parallax. 

Let  E  and  i/,  fig,  727,  I 
ends  of  a  diameter  of  the  e 
be  the  place  of  the  moon's 
be  any  conspicuous  star  seen 
in  the  heavens,  in  the  plant 
s,  ify  and  M.     The  apparent  < 
star  ^m  the  moon's  centre 
server  at  e,  and  it  is  s  h'  to  ai 
The  difference  of  these  disti 
arc  of  the  heavens  which  roo« 
»M^j  or,  wbat  is  the  same,  ti 
under  which  the  diameter  E 
would  be  seen  from  the  moon. 
Now   the  arcs   8s  and   8 
have  been  measured,  and  thi 
enoe  s  J  has  been  ascertained 
s6852".   subiM^t    tn    «    -1 
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206265 

It  follows,  therefore,  that  the  moon*s  distance  is  about  thirty 
tuoes  the  earth's  diameter ;  and  since  the  value  of  the  latter  is  7900 
niles,  the  moon's  distance  is 

7900  X  30  =  237,000  miles, 

or,  as  appears  by  more  exact  computation,  237,630  miles. 

2467.  Linear  value  of  V  on  it,  —  Having  thus  ascertained  the 
■ood'b  distance,  we  are  enabled,  by  the  method  explained  in  2319, 
to  aaeertajn  tbe  actnal  length  measured  transversely  to  the  line  of 
rnoQ  on  the  mooo  which  corresponds  to  the  visual  angle  of  1". 
lUi  length  is 

237630   -  --  ., 

206265  =  ^'^^  ™^^- 

By  this  fonnnla  any  space  upon  the  moon,  measured  by  its  visual 
•■gle,  cmn  be  reduced  to  its  actual  linear  value,  provided  its  direc- 
lioB  be  ftt  right  angles  to  the  visual  ray,  which  it  will  be  if  it  be  at 
tke  centre  of  the  lunar  disk.  If  it  be  between  the  centre  and  the 
edgeSy  it  will  be  foreshortened  by  the  obliquity  of  the  moon's  sur- 
bce  to  the  line  of  vision,  and,  consequently,  the  linear  value  thus 
eoBputed  will  be  the  real  linear  value  diminished  by  projection, 
which,  however,  can  be  easily  allowed  for,  so  that  the  true  linear 
Taloe  can  be  obtained  for  every  part  of  the  lunar  disk. 

246S.  lis  appfirent  Und  real  diameter.  — The  apparent  diameter 
af  the  moon  is  subject  to  a  slight  variation,  owing  to  a  correspond- 
ing variation  due  to  the  small  ellipticity  of  its  orbit.  Its  moan 
fahie  is  found  to  be  31'  7"  or  1867". 

By  what  has  just  been  established  (2392),  therefore,  its  real 
diameter  must  be 

1807  X  M5  =  2147  miles. 

Mote  exact  methods  give  2153  miles. 

Since  the  snpcrficial  magnitude  of  spheres  is  as  the  squares,  and 
their  volume  or  solid  bulk  as  the  cubes,  of  their  diameters,  it  fol- 
lovB  that  tbe  superficial  extent  of  the  moon  is  about  the  fourteenth 
psrt  of  the  surface,  and  its  volume  about  ^be  forty-ninth  part  of  the 
fmlk,  of  our  globe. 

2469.  Apparent  and  real  motion,  —  The  moon,  like  the  sun, 
appears  to  move  upon  the  celestial  sphere  in  a  direction  contrary  to 
that  of  the  diurnal  motion.  Its  apparent  path  is  a  great  circle  of 
the  sphere,  inclined  to  the  ecliptic  at  an  angle  of  about  5°  8'  48". 
It  completes  its  revolution  of  the  heavens  in  27*''  7'''  44""-. 

This  apparent  motion  is  explained  by  a  real  motion  of  the  moon 
nmod  the  earth  at  the  mean  distance  above  mentioned,  and  in  the 
time  in  which  the  apparent  revolution  is  completed. 

III.  17 


.-  ...uo  ui  r  M  6-9  miles,  and,  codi 
of  the  moon  per  hour  in  her  orbit,  ib 

6-9  X  32-9  =  227  mi 

Her  orbitual  motion  is  therefore  at  the  rate 
2471 .    Orbit  ettipHcaJ.  —  Although,  in  it 
meter,  the  path  of  the  moon  round  the  eart 
the  planets  and  satellites,  circular,  jct  whe 
ohservation,  we  find  that  it  is  strictly  an  ell 
of  the  earth  occupying  one  of  its^^'.     This 
by  immediate  observation  upon  the  apparc 
moon.     It  will  be  easily  comprehended  that 
apparent  magnitude,  as  seen  from  the  earth, 
from  corresponding  changes  in  the  moon's  disi 
if  at  one  time  the  disk  of  the  moon  appears  1; 
time,  as  it  cannot  be  supposed  that  the  acti 
itself  could  be  changed,  we  can  only  ascribe 
apparent  magnitude  to  the  diminution  of  its  dii 
by  observation  that  such  apparent  changes  an 
its  monthly  course  around  the  earth.     The  i 
small  though  perceptible  variation  of  apparent 
it  diminishes  until  it  reaches  a  minimum,  an 
creases  until  it  reaches  a  maximum. 

When  the  apparent  magnitude  is  least,  it  i 
tance,  and  when  greatest,  at  its  lenst  distanc 
which  these  distances  lie  are  directly  opposite, 
positions  the  apparent  size  of  the  moon  und 
gradual  change,  incrc        \  continunllv  ^- — 
maximum,  anil  /.— - 
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&rth,  is  called  itsperijee;  and  the  point  whore  its  apparent 
yjut,  and  where,  therefore,  its  distance  from  the  earth  is 
i^  called  lis  apo</€€.    These  two  poiutt)  are  called  tlic  moou*s 

positioDs  of  these  points  in  the  heavens  he  obser^'ed  accu- 
a  length  of  time,  it  will  be  found  that  thfy  ure  subject  to 
change ;  that  is  to  say,  the  place  where  the  moon  appears 
will  every  month  shift  its  position ;  and  a  corresponding 
ill  take  place  in  the  point  where  it  appears  largest.  The 
It  1  f  these  points  in  the  heavens  is  found  to  be  in  the  pamo 
•s  the  gcntral  movement (^  the  planets;  that  is,  from  west 
r  progressive.     Thb  phenomenon  is  called  the  proqres- 

THE  moon's  apsides. 

te  of  this  progression  of  the  moon's  apsides  is  40^  68'  in  a 
T  common  year,  being  equivalent  to  6'  41"  per  day.  They 
itlj  make  a  complete  revolution  in  8*85  years. 
Moon' 9  nttdtt  —  ascending  and  descend  in ff  node — their  re- 
■«.  —  If  the  position  'of  the  moon's  centre  in  the  heavens 
"ed  from  day  to  day,  it  will  be  found  that  its  apparent  path 
kt  circle,  making  an  angle  of  about  5^  with  the  ecliptic. 
1  consequently  crosses  the  ecliptic  at  two  points  in  opposite 
of  the  heavens.  These  points  are  called  the  inoon't  nodes. 
lilions  are  ascertained  by  observing  from  time  to  time  the 
^f  the  moon's  centre  from  the  ecliptic,  which  is  the  moon's 

by  watching  its  gradual  diminution,  and  finding  the  point 

it  becomes  nothing;  the  moon's  centre  is  then  in  the 
md  its  position  is  the  node.  The  node  at  which  the  moon 
[im  the  south  to  the  north  of  the  elliptic  is  called  the  as- 
node  J  and  that  at  which  it  passes  from  the  north  to  the 
calle<i  the  descend  in  (/  node, 

points,  like  the  apnides,  are  subject  to  a  small  change  of 
but  in  a  retrograde  direction.  They  make  a  complete  revo- 
r  the  ecliptic  in  a  direction  contrary  to  the  motion  of  tlio 
8'6  yean*,  being  at  the  rate  of  3'  K/'-G  per  day. 

Kotatiun  on  its  auift. — While  the  moon  moves  round  the 
OS  in  its  monthly  course,  we  find,  by  observations  of  its 
ice,  made  even  without  the  aid  ofL  teIesco{>efi,  that  the  same 
ere  is  always  turned  towards  usft  We  recognise  this  fact 
ving  that  the  same  marks  are  always  seen  in  the  same  posi- 
Ml  it.  Now  in  order  that  a  globe  which  revolves  in  a  circle 
a  centre  ^ould  turn  continually  the  same  hcmitiphnre 
hat  centre,  it  is  necessary  that  it  sh;)uid  make  one  revohi- 
in  its  axis  in  the  time  it  takes  so  to  revolve.  Fur  let  us 
that  the  globe,  in  any  one  pr)8ition,  has  the  centre  round 
i  revolves  north  of  it,  the  hemisphere  turned  toward  the 
i  tnmed  toward  the  north.     After  it  makes  a  quarter  of  a 
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ravolntion,  the  ceotn  ii  to  the  east  of  it,  tnd  the  hemispliBTe  « 
wti9  preTioualj  turned  to  the  north  moat  now  be  tamed  to  the  i 
After  it  has  made  another  quarter  of  a  refolution  the  centre,  «ri 
south  of  it,  and  it  must  be  now  tamed  to  the  eonth.  In  the  i 
manner,  a^r  another  quarter  of  a  revolution,  it  most  be  torw 
the  weat.  As  the  same  hemisphere  is  bucccbsitIt  turned  to  al 
points  of  the  compass  in  one  revolution,  it  is  evident  that  tha  j 
itself  must  make  a  single  revolution  on  its  azia  in  that.tJma. 

It  appears,  then,  that  the  rotation  of  the  uhmq  u^od  it^  axi^j 
equal  to  that  of  its  revolution  in  ita  orbit,  is  27'''  7*^  44". 
44~-     The  intervals  of  light  and  darknen  to  ihc  inhahilaj 
mooD,  if  there  were  anv,  woold  then  he  ftltugetber  dif 
those  provided  in  the  planets ;  there  wonLl  be  about  3! 
continued  light  alteroatelf  with  327''  52*'  of  contint 
the  OQiilogj,  then,  which,  as  will  hereafter  appear,  pi 

the  plunets  with  regard  to  days  and  nigbta,  and  which  fora 

nrgunieot  in  favour  of  the  oonoluMon  Uiat  they  are  iiihalnt«d  f 
like  the  earth,  does  not  hold  good  in  the  ODse  of  the  uioon. 

2475.  Inclination  of  axit  of  rtAatian. —  Aithough  as  a  Jp 
proposition  it  be  true  that  the  same  hemispbero  of  the  mooa 
wajB  turned  toward  the  earth,  jet  there  are  ainall  vimatioas  ■ 
edge,  called  librations,  vhioh  it  is  neoesaary  to  notioe.  The  ai 
the  moon  is  not  ezactlj  perpendicular  to  iu  orbit,  but  is  inclin 
the  small  angle  of  1"  Siy  10"'8.  Bj  reason  uf  this  inclinaliiw 
nortbcro  and  southern  poles  of  the  moon  bun  uitcmatcly  tu  a  i 
degree  to  and  from  the  earth. 

2470.  Libralion  in  latitude. — When  the  north  pole  leans  loi 
the  enrtb,  we  see  a  little  more  (>f  that  regiuo,  and  a  little  less  < 
it  Icuns  the  contrary  way.  This  variation  in  the  northern 
fiouihern  regions  of  the  moon  visible  to  us,  is  ualled  the  lib&a 

IM    LATITUDE. 

2477.  Libralion  ia  longiludr.  —  In  oriier  that  in  a  strict  i 
(he  sauie  hemisphere  should  be  continually  turned  tuwurd  the  e 
the  time  of  rotationuponitsazismust  not  only  be  equal  to  the  tin 
rotation  in  its  orbit,  which  in  fact,  it  is,  but  ita  angular  vclocil 
its  axis  in  every  part  of  its  couri>e,  must  be  exactly  e<]ual  to  it 
gukr  velocity  in  its  orbit.  Now  it  happens  that  while  its  aoj 
velocity  oil  its  axis  is  rid|h)ualy  uniform  throughout  the  moult 
angulur  vcli^ity  in  its  o^it  is  subject  to  a  sligbt  variation  ;  the 
setjucucc  of  Uiis  is  that  a  little  more  of  its  eastern  ur  weiiiern 
is  seen  ut  one  titno  than  at  another.     This  i.s  callfd  the  liuka 

IN    LONOJTUDE. 

2478.  Diurnal  Wrodon. —  By  the  diurnal  m.ition  of  thee 
we  are  carried  with  it  round  its  axis;  the  stutions  from  vhici 
view  the  nioon  in  the  morning  and  evening,  or  rather  wbeo  it 
and  when  it  seta,  are  then  different  according  to  the  latitude  ol 
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2470.   J'haK*  '/  Ar  m<»i>.— WLw  :b«  o.t  m  .>—  r.-i^-:  ■ 
■rtfa,  its  illumioued  bemisphere  is  ■^w«k  f^^ae^'^s  v.  Uit  n:i 
lkr«rore  takea  Tariotu  pcMitions  in  refemoe  to  'm  cbtL     li   - 
728,  tfae  effect!  of  this  mm  exhiUuid.     ha  z  s  n^rtMs^  ^  ^jt^:^. 


tin  of  the  mD.  and  e  the  emrtb  :  whta  tb«  kt<»  U  l:  y. 
the  ran  uid  the  nrth.  i;?  iiiamicated  L*a:*pL*Tt  Ki:<x  t 
vud  tfae  SOD,  it!  dirk  hemi-f'hfre  w:!l  lic  fr^^n^Ati  vj 
«rth;  it  will  tfapref'n''!  be  iti-isi',.;*.  Il  \i.ii  •.-■^'.■--x  tm 
Kid  to  be  io  ci>sjvsrnoN. 

Wfaen  it  nifwe*  to  th»  f-JB;t:--3  C.  :V.»  *s;i:i.Ki'-:  ■.*?.!«' 
iDg  Kill  preMDtcd  to  the  r^n.  a  «:i;il!  [f,'r:'L  -.i  ':\  tIt 
to  the  earth,  ao-i  it  arp-trs  i-  a  :L:?i  tT-t-t:.t.  m  .-r;—;'.-.- 

Wheo  the  bi">ii  tnk-s  :^:*  f'-iiT:'Q  -i  'j.  n  r_".;  lig 
IBD,  it  is  isid  ti>  be  in  (jt'AI-KATrKt :  '  lie  L'::f  '.f  -.l-;  <■.. 
;re  odIt  i-  tutii  jrtv^Vx-1  ii  :&*  t».-.L.  i*,  i  ■.:.- 
5  haired,  as  rt-pretwr.-ci  at  'j. 

WheD  it  arrives  at  th?  y.-'::.--^  1,  :te  ?r«,*-  r  jiin  -,i 
Kgbtcned  poninn  ii  tarneJ  to  the  f^ni..  sid  ::  .-  r.;.v, ,-.  t 
■I  rrpr«E>?Tited  at  </. 

IVben  the  mnon  ««;«  in  rji-:^,-iz:<-tK  v.  -.L*  •-,:..  «  > 
the  enligbieoed  heiiii!=i>L;-re  i«  iirr.t-l  faj  vwirj  in  <r*r' 
Moon  will  appear  fnll.  as  ■:  /.  i:t.!-_—  i:  b«  '/[H^urir^  bv  ;L 
lAadow,  which  rarely  Lapfji:i-.  h.  tL<:  -in.>  B.aT.r.tr  ::  '.'  n 
U  O*  it  is  agaik  gibbiv ;  at  g'  it  i.-  Liit»1.  aci  a:  '/  it  ii  ■ 


.»«i  uM  octant ;  Q  the  Becond  octant ;  o'  tht 
the  fourth  octant.     At  the  first  and  fourth  ( 
and  at  the  second  and  third  octants  it  is  gibbc 
2480.   Synodic  period  or  comman  month.^ 
of  the  moon  in  the  heavens  is  much  more  i 
sun ;  for  while  the  sun  makes  a  complete  cir 
365*25  days,  and  therefore  moves  over  it  at  ai 
moon  moves  at  the  rate  of  IS"*  W  35"  (247< 
sun  and  moon  appear  to  move  in  the  same  d 
meut,  both  proceeding  from  west  to  east,  the  i 
junction,  depart  from  the  sun  toward  the  east 
12°  9'  per  day.     If  then,  the  moon  be  in  conju 
on  any  given  day,  it  will  be  12°  0'  east  of  it  at 
the  following  day ;  24°  18'  east  of  it  after  two  d 
then,  the  sun  set  with  the  moon  on  any  evening, 
uicnt  of  sunset  on  the  following  evening,  be  11 
at  sunset  will  appear  as  a  thin  crescent,  at  a  coi 
on  the  succeeding  day  it  will  be  24°  18'  cast  of 
be  at  a  still  greater  altitude  at  sunset,  and  will  be 
After  seven  days,  the  moon  will  be  removed  n( 
sun ;  it  will  be  at  or  near  the  meridian  at  sunsc 
in  the  heavens  for  about  six  hours  after  sunset,  ; 
the  west  as  the  half-moon.     Each  successive  evei 
distance  from  the  sun,  and  also  increasing  its 
visible  in  the  meridian  at  a  later  hour,  and  wi 
longer  apparent  in  the  firmament  during  the  n 
be  gibbous.     After  about  fifteen  days,  it  will  be  ' 
the  sun,  and  will  be  full   "•"'^ 


I 
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the  period  of  the  moon.     But  from  what  has  been  explained,  it 

w'dl  be  I'vident  that  while  the  moon  makes  its  apparent  revolution 

of  the  heavens  in  aboat  27*3  days,  the  sun  advances  through  some- 

what  more  than  27°  of  the  heavens,  in  the  same  directlmi,     I^fore 

the  moon  can  reassume  the  same  phase,  it  must  have  the  same  po- 

fition  relative  to  the  sun,  and  must,  therefore,  overtake  it     But 

nDce  it  moves  at  the  rate  of  about  I^  in  two  hours,  it  will  take 

■ore  than  two  days  to  move  over  27^.     Hence  the  ttynodic  perio<f, 

or  lunar  month,  or  the  interval  between  two  successive  conjunctions, 

k  aboot  two  days  longer  than  the  sidereal  period  of  our  satellite. 

The  exact  length  of  the  synodic  period  is  29**'  12*^  14"^-  2'"87,  or 
29-53059  mean  solar  days. 

2481.  Moms  and  densitjf,  —  The  methods  by  which  the  mass  or 
weight  of  the  moon  has  been  ascertained  will  be  explained  here- 
ifter ;  meanwhile  it  may  be  stated  here  that  the  result  of  the  most 
laeent  aolations  of  this  problem,  by  various  methods  and  on  different 
data,  proves  that  the  mass  or  quantity  of  matter  composing  tho 
^oibe  of  the  moon,  is  a  little  more  than  the  90th  part  of  the  mass 
vi  the  earth ;  or,  more  exactly,  if  the  mass  of  the  earth  consist  of 
a  million  of  equal  parts,  tho  mass  of  the  moon  will  be  equal  to 
11,399  of  these  parts. 

Since  the  volume  or  bulk  of  the  moon  is  about  the  50th  part  of 
that  of  the  earth,  while  its  mass  or  weight  is  little  more  than  the 
90th  part  of  that  of  the  earth,  it  follows  that  its  mean  density  must 
be  little  more  than  half  the  density  of  the  earth,  and  therefore 
^2393)  about  2-83  times  that  of  water. 

2482.  Ao  air  upon  the  moan.  —  In  order  to  determine  whether 
or  not  the  globe  of  the  moon  is  surrounded  with  any  gaseous  en- 
velope like  the  atmosphere  of  tho  earth,  it  is  necessary  first  to  con- 
■der  what  appearances  such  an  appendage  would  present,  seen  at 
the  moon's  distance,  and  whether  any  such  appearances  arc  dis- 
coverable. 

According  to  ordinary  and  popular  notions,  it  is  difficult  to  sepa- 
rate the  idea  of  an  atmosphere  from  the  existence  of  clouds  ;  yet  to 
produce  elouds  something  more  is  necessary  than  air.  The  presence 
of  water  is  imiispensablc ;  and  if  it  bo  assumed  that  no  water  exist, 
then  certainly  the  absence  of  clouds  is  no  proof  of  the  absence  of 
an  atmoaphere.  Be  this  as  it  may,  however,  it  is  certain  that 
there  are  no  clouds  upon  tho  moon;  for  if  there  were,  we  should  im- 
mediately discover  them,  by  the  variable  lights  and  shadows  they 
would  produce..  If  there  is,  then,  an  atmosphere  upon  the  moon, 
it  is  one  entirely  unaccompanied  by  clouds. 

One  of  tho  effects  produced  by  a  distant  view  of  an  atmosphere 
Burrounding  a  globe,  one  hemisphere  of  which  is  illuminated  by  the 
un,  is,  that  tho  boundary,  or  lino  of  separation  between  the  hemi- 
iphere  enlightened  by  the  sun  and  tho  dark  hemisphere,  is  not 


«.«/iu  uio  oarK  neoii^here.  When  it  is  in  the  q 
of  the  Remicirele  ia  also  that  boundary.  In  nei 
however,  do  we  ever  disbover  the  slightest  ind 
appearance  as  that  which  has  iost  oeen  desci 
gradual  fieidiDg  away  of  the  light  into  the  dai 
trary,  the  boundary,  though  serrated  and  irreg 
perfectly  well  defined  and  sudden. 

All  these  ciroumstances  conspire  to  prove  t 
exist  upon  the  moon  an  atmosphere  capable  of 
any  sensible  degree. 

2483.  Absence  of  air  indicated  by  absence  oj 
it  may  be  contendcKl  that  an  atmosphere  may  stil 
i^tenuated  to  produce  a  sensible  twilight.  Ast 
have  resorted  to  another  test  of  a  much  more  dc 
kind,  the  nature  of  which  will  be  uuderstood  by  < 
principle  of  optics. 

Let  m  m'j  Jig.  729,  represent  the  disk  of  the 


Yxg.  7». 
represent  the  atmosphere  which  surrounds  it     L< 
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Mjge  of  the  moon,  would  be  Tisible  al  the  earth,  for  the  ray  /m, 
B  fisflDg  throng  the  atmosphere,  would  be  bent  at  an  angle 
I  the  direction  m  ^,  and  in  like  manner  the  ray  tl  m  would  be  bent 
die  angle  ni  d  —  ao  that  the  stars  ti  $'  would  be  visible  at  e  t!, 
itvithstanding  the  interposition  of  the  edges  of  the  moon. 
This  reasoning  leads  to  the  conclusion  that  as  the  moon  moves 
er  the  &ce  of  Uie  firmament,  stars  will  be  continually  visible  at 
edge  which  are  really  behind  it  if  it  have  an -atmosphere,  and  the 
teat  to  which  this  efl^t  will  take  place  will  be  in  proportion  to 
\  dmsity  of  the  atmosphere. 

the  magDitode  and  motion  of  the  moon  and  the  relative  positions 
the  atars  «re  ao  accurately  known  that  nothing  is  more  easy^  cer- 
1,  and  prcdae,  than  the  observations  which  may  be  made  with 
I  Tiev  of  ascertaining  whether  any  stars  arc  ever  seen  which  are 
■ibly  behind  the  edge  of  the  moon.  Such  observations  have 
n  madey  and  no  such  effect  has  ever  been  detected.  This  species 
obeenration  is  susceptible  of  such  extreme  accuracy,  that  it  is 
rtain  that  if  an  atmosphere  existed  upon  the  moon  a  thousand 
Bcs  less  dense  than  our  own,  its  presence  must  be  detected. 
Bessel  has  calculated  that  if  the  difference  between  the  apparent 
uueter  of  the  moon,  and  the  arc  of  the  firniamcnt  moved  over  by 
e  moon's  centre  during  the  occultation  of  a  star,  centrically  oc- 
iied,  were  admitted  to  amount  to  so  much  as  2",  and  allowing  for 
e  pocdble  effect  of  mountains,  by  which  the  edge  of  the  disk  is 
naled,  taking  these  at  the  extreme  height  of  24,000  feet,  the 
iBsity  of  the  lunar  atmosphere,  whose  refraction  would  produce 
kch  an  efftKit,  would  not  exceed  the  OGSth  part  of  the  density  of 
te  earth's  atmosphere,  supposing  the  two  fluids  to  be  similarly  con- 
iluted.  Xur  would  this  conclusion  be  materially  modified  by  any 
ippositi<in  of  an  atmosphere  coni}>oscd  of  gases  different  from  the 
>Dstituentd  of  the  earth's  atmosphere. 

The  earth's  atmosphere  supports  a  column  of  30  inches  of  mcr- 
iry:  an  atmoRphere  1000  times  les.s  dense  would  support  a  column 
f  three-tenths  of  an  inch  only.  We  may  therefore  consider  it  as 
Q  established  (act,  that  no  atmosphere  exists  on  the  moon  having  a 
easily  even  as  great  as  that  which  remains  under  the  receiver  of 
tie  most  perfect  air-pump,  after  that  instrument  has  withdrawn  from 
;  the  air  to  the  utmost  extent  of  its  power. 

If  further  proofs  of  the  nonexistence  of  a  lunar  atmosphere  were 
equired,  Sir  J.  llerschel  indicates  several  which  are  found  in  the 
hcnomcna  of  eclipses.  In  a  solar  eclipse  the  existence  of  an  at- 
losphere  having  any  sensible  refraction,  would  enable  us  to  trace 
le  iimb  of  the  moon  beyond  the  cusps  externally  to  the  sun's  disk, 
J  a  narrow  but  brilliant  line  of  light;  extending  to  some  distance 
long  its  edge.  No  such  phenomenon  has,  however,  been  seen. 
Il  there  were  any  apprccuible  quantity  of  vapour  suspended  over 
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the  moon's  surface,  very  faint  stem  oaefat  to  disappear  belM  ik 
before  the  moment  of  their  oocoltation  by  the  interposition  of  tki 
moon's  edge.     Such,  howeyer,  is  not  the  case.     When  oooultsd  at 
the  eulightened  edge  of  the  Innar  disk,  the  light  of  the  moon  OTe^ 
powers  them  and  renders  them  invisible,  and  even  at  the  daik  edp 
the  glare  in  the  sky,  caused  by  the  proximity  of  the  enlighieMi 
part  of  the  disk,  renders  the  oooaltation  of  extremely  minnte  rtui 
incapable  of  observation.     But  thestf  obstacles  are  remoifed  in  Ihi 
case  of  total  sokr  eclipses;  on  which  occasions  stars,  so  ftint  astob 
only  seen  by  the  aid  of  a  telescope,  come  up  dose  to  the  fimb  vil^ 
out  any  sensible  diminution  of  their  brightness,  and  undem  an  sfr 
tinction  as  instantaneous  as  the  largest  and  brightest  by  ue  wKHh 
position  of  the  moon's  limb. 

2484.  MoonligJu  not  tentibiy  ealorifie,  —  It  has  loDff  been  a 
object  of  inquiry  whether  the  light  of  the  moon  has  any  neat;  kit 
the  most  delicate  experiments  and  observations  have  fiiiled  to  detect 
this  property  in  it.'  The  light  of  the  moon  was  collected  into  thi 
focus  of  a  concave  mirror  of  such  magnitude  as  woald  have  bm 
sufficient,  if  exposed  to  the  sun's  light,  to  evaporate  gold  or  tisl^ 
num.  The  bulb  of  a  differential  thermometer,  sensitive  enonpi  to 
show  a  change  of  temperature  amounting  to  the  500th  part  d  a 
degree,  was  placed  ill  its  focus,  €^  as  to  receive  upon  it  the  eoneei* 
trated  rays.  Yet  no  sensible  effect  was  produced.  We  must,  thci^ 
fore,  conclude  that  the  light  of  the  moon  docs  not  possess  the  od^ 
rific  property  in  any  sensible  degree.  But  if  the  rays  of  the  moos 
be  not  warm,  the  vulgar  impression  that  they  are  cold  is  eqniJIj 
erroneous.  We  have  seen  that  they  produce  no  effeat  either  way  oi 
the  thermometer. 

2485.  iVb  liquids  on  the  moon.  —  The  same  physical  tests  wliick 
show  the  nonexistence  of  an  atmosphere  of  air  upon  the  mooa  M 
equally  conclusive  against  an  atmosphere  of  vapour.  It  might, 
therefore,  be  inferred  that  no  liquids  can  exist  on  the  moon's  sar* 
face,  since  they  would  be  subject  to  evaporation.  Sir  John  ilerscbd) 
however,  ingeniously  suggests  that  the  nonexistence  of  vapour  ii 
not  conclusive  against  evaporation.  One  heuiispbere  of  the  moos 
being  exposed  continuously  for  828  hours  to  the  glare  of  sunshint 
of  an  intensity  greater  than  a  tropical  noon,  because  of  the  abseoflt 
of  an  atmosphere  and  clouds  to  mitigate  it,  while  the  other  is  forai 
equal  interval  exposed  to  a  cold  far  more  rigorous  than  that  whieb 
prevails  on  the  summits  of  the  loftiest  mountains  or  in  the  poltf 
region,  the  consequence  would  be  the  immediate  eva()oration  of  all 
liquids  which  might  happen  to  exist  on  the  one  hemisphcre,andtfai 
instantaneous  condensation  and  congelation  of  the  vapour  on  tbt 
other.  The  vapour  would,  in  short,  be  no  soi>ner  formed  on  thi 
enlightened  hemisphere  than  it  would  rush  to  the  vacuum  over  ihl 
dark  hcmi^^phcre^  where  it  would  bo  instantly  condensed  and  otf* 
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ffaled,  in  effect  which  Hersohel  tptly  illustrates  hy  the  fiimiliar 

expen'meDt  of   the  cryophorus.      The  conseqaence,  as  he   ob- 

ft.Teji,  of  this  state  of  things,  would  be  absolute  aridity  below  the 

Terticai  sun,  constant  accretion  of  hoar  frost  in  the  opposite  region, 

ud  perhaps  a  narrow  zone  of  running  water  at  the  borders  of  the 

ea^ghleoed  hemisphere.     He  conjectures  that  this  rapid  alternation 

flf  eraporation  and  condensation  may  to  some  extent  preserve  an 

cqnilibriam  of  temperature,  and  mitigate  the  severity  of  both  the 

dinnud  and  nocturnal  conditions  of  the  surface.     He  admits,  never- 

tl^kss,  that  such  a  supposition  could  only  bo  compatible  with  tho 

Mi  of  the  absence  of  a  transparent  atmosphere  even  of  vapour 

vUhm  extremely  narrow  limits ;  and  it  remains  to  be  seen  whether 

the  general  physical  condition  of  the  lunar  surface,  as  disclosed  by 

the  telescope,  be  not  more  compatible  with  tho  supposition  of  the 

total  mbsence  of  all  liquid  whatever. 

It  appears  to  have  escaped  the  attention  of  thQse  who  assume  the 
ponbility  of  the  existence  of  water  in  the  liquid  state  on  the  moon, 
tkat»  in  the  absence  of  an  atmosphere,  the  temperature  must  neccs> 
nrily  be,  not  only  iar  below  the  point  of  congelation  of  water,  but 
evea  that  of  most  other  known  liquids.  Even  within  the  tropics, 
ind  under  the  line  with  a  vertical  sun,  the  height  of  the  snow  lino 
does  not  exceed  16,000  feet  (2187),  and  nevertheless  at  that  eleva- 
tion, and  still  higher,  there  prevails  an  atmosphere  capable  of  sup- 
porting a  considerable  column  of  mercury.  At  somewhat  greater 
elerations,  but  still  in  an  atmosphere  of  very  sensible  density,  mer- 
cury is  congealed.  Analogy,  therefore,  justifies  the  inference  that 
the  total,  or  nearly  t<ital,  absence  of  air  upon  the  moon  is  altogether 
iDGompatiblo  with  the  existence  of  water,  or  probably  any  other 
body  in  the  liquid  state,  and  necessarily  infers  a  temperature  alto- 
gether incompatible  with  the  existence  of  organised  beings  in  any 
respect  analogous  to  those  which  inhabit  the  earth. 

Bat  another  conclusive  eviilcnce  of  tiie  nonexistence  of  liquids  on 
the  moon  is  found  in  the  fonn  of  its  surface,  which  exhibits  none 
of  those  well-understood  appearances  which  result  from  the  long- 
coatinncd  action  of  water.  The  mountain  forniatioiis  with  which 
the  entire  visible  surface  is  covered  ure,  as  will  presently  appear, 
imivenally  so  abrupt,  precipitous,  and  unchangeable,  as  to  be  utterly 
incompatible  with  the  presence  of  liquids. 

2486.  Abtence  of  air  (h'j^rivrn  W«r  //'//*(  and  heat  of  their 
utUiijf. — The  absence  of  air  aUo  prevents  the  diffusion  of  tho 
solar  light.  It  has  been  already  shown  (928)  that  the  goncrdl 
diffusion  of  the  sun's  light'  upon  the  earth  is  mainly  due  to  the 
reflection  and  refraction  of  the  atmosphere,  and  to  the  light  reflected 
fay  the  clouds ;  and  that  without  such  means  of  diffusion  the  8olnr 
Ittht  would  only  illuminate  those  places  into  which  its  rays  would 
directly  penetrate.     Every  pbce  not  in  full  sunshine,  or  exposed  to 
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»  2487.  As  seen  from  the  moon^  appearance  of 
iirmamenL  —  If  the  moon  were  inhabited,  obse 
it  would  witness   celestial  phenomena  of  a  sin 
differing  in  many  respects  from  those  presented  i 
of  0|)ir  globe.     The  heavens  would  be  perpetually 
less.     The  stars  atid  planets  would  shine  with  ez 
dour  during  the  long  night  of  328  hours.     The 
axis  being  only  5^,  there  would  be  no  sensible  c 
The  year  would  consist  of  one  unbroken  monotony 
inhabitants  of  one  hemisphere  would  never  see  the 
inhabitants  of  the  other  would  have  it  constantly  ii 
by  day  and  by  night,  and  always  in  the  same  po 
who  inhabit  the  central  part  of  the  hemisphere  pn 
earth  would  appear  stationary  in  the  zenith,  and  n 
it,  never  rising  nor  setting,  nor  in  any  degree  chai 
in  relation  to  the  zenith  or  horizon.     To  those  w 
intermediate  between  the  central  part  of  that  hemi 
places  which  are  at  the  edge  of  the  moon's  disk, 
appear  at  a  fixed  and  invariable  distance  from  the 
at  a  fixed  and  invariable  azimuth ;  the  distance  fron 
everywhere  equal  to  the  distance  of  the  observer  f 
point  of  the  hemisphere  presented  to  the  earth.     1 
any  of  the  places  which  are  at  the  edge  of  the  luna 
would  appear  perpetually  in  a  fixed  direction  on  th( 

The  earth  shone  upon  by  the  sun  would  appear  a 
to  us;  but  with  a  disk  having  an  apparent  diamel 
that  of  the  moon  in  the  ratio  of  79  to  21   nnfl  «t« 
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*w  to  the  moon,  And  vice  vena :  when  the  moon  is  ft 
«  earth  is  gibbons,  and  vice  ver»d. 
ires  of  light  and  shade  would  not,  as  on  the  moon,  be 
ml  and  invariable.  So  far  as  they  would  arise  from  the 
ing  in  the  terrestrial  atmosphere,  they  would  be  variable. 
s,  their  arrangement  would  have  a  certain  relation  to  the 
ing  to  the  effect  of  the  prevailing  atmospheric  currents 
the  line.*  This  cause  would  produce  streaks  of  light 
the  general  direction  of  which  would  be  at  right  angles 
h's  axis,  and  the  appearance  of  which  would  be  in  all 
nilar  to  the  belts  which,  as  will  appear  hereafter,  are 
pen  some  of  the  planets,  and  which  are  ascribed  to  a 
il  cause. 

the  openings  of  the  clouds  the  permanent  geographical 
the  surface  of  the  earth  would  be  apparent,  and  would 
Khibit  a  variety  of  tints  according  to  the  prevailing  cba- 
fhe  soil,  as  is  observed  to  be  the  esse  with  the  planet 
at  an  immensely  greater  distance.  The  rotation  of  the 
its  axis  would  be  distinctly  observed  and  its  time  ascer- 
he  continents  and  seas  would  be  seen  to  disappear  in  suo- 
onc  side  and  to  reappear  at  the  other,  and  to  pass  across 
*  the  earth  as  carried  round  by  the  diurnal  rotation. 
Why  the  full  ditk  of  the  moon  is  faintly  visihUs  at  new 
loou  niter  conjunction,  when  the  moon  appears  as  a  thin 
rut  is  BO  removed  from  the  sun  as  to  be  seen  at  a  suffi- 
iide  after  sunset,  the  entire  luuar  disk  appears  faintly 
i  within  the  horns  of  the  crescent.  This  phenomenon 
od  by  the  effcpt  of  the  earth  shininp;  upon  the  moon  and 
ig  it  by  reflected  light  as  the  moon  illuminates  the  earth, 
.  degree  of  intensity  greater  in  the  ratio  of  about  14  to  1. 
to  what  has  just  been  explained,  the  earth  appears  to  the 
ly  full  at  the  time  when  the  moon  appears  to  the  earth  as 
icent,  and  it  therefore  receives  then  the  strongest  possible 
m.  As  the  lunar  crescent  increases  in  breadth,  the  phase 
bh  as  seen  from  the  moon  becomes  less  and  less  full,  and 
nty  of  the  illumination  is  proportionately  diminished. 
find,  that  as  the  lunar  crescent  passes  gradually  to  the 
le  complement  of  the  lunar  disk  becomes  gradually  more 
ible,  and  soon  disappears  altogether. 
^ysical  condition  of  the  moon's  surface. — If  we  examine 
carefully,  even  without  the  aid  of  a  telescope,  we  shall 
xin  it  distinct  and  definite  lineaments  of  light  and  shadow. 
ures  never  change ;  there  they  remain,  always  in  the  same 
pon  the  visible  orb  of  the  moon.     Thus  the  features  that 

•  Sea  Chaptar  on  the  tides  and  trade  winds. 
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been  attempted  to  oe  explained  by  the  hypothesis 
sphere  of  the  satellite,  which  is  turned  toward  the 
elongated  and  protuberant,  and  it  is  the  excess  of  il 
makes  it  tend  to  direct  itself  always  toward  the  prims 
to  the  universal  principle  of  attraction.  Be  this  i 
effect  is,  that  our  sclcnographical  knowledge  is  neo 
to  that  hemisphere  which  is  turned  toward  ns. 

But  what  is  the  condition  and  character  of  the 
moon  ?     What  are  the  lineaments  of  light  and  shade 
upon  it  ?     There  is  no  object  outside  the  earth  with  ^ 
scope  has  afforded  us  such  minute  and  satisfactory  inf< 

If,  when  the  moon  is  a  crescent,  we  examine  wifcl 
even  of  moderate  power,  the  conceive  boundary,  whic 
of  the  surface  where  the  enlightened  hemisphere  ends 
hemisphere  begins,  we  shall  find  that  this  boundary  ii 
and  regular  curve,  which  it  undoubtedly  would  be  i 
were  smooth  and  regular,  or  nearly  so.  If,  for  exam] 
surface  resembled  in  its  general  characteristics  that  i 
supposing  that  the  entire  surface  is  land,  having  the  gc 
teristics  of  the  continents  of  the  earth,  the'  inner  boi 
lunar  crescent  would  still  be  a  regular  curve  broken  c 
only  at  particular  points.  Where  great  mountain  rang 
of  the  Alps,  the  Andes,  or  the  Himalaya,  might  chao 
these  lofty  peaks  would  project  vastly  elongated  shade 
adjacent  plain ;  for  it  will  be  remembered  that,  bein| 
the  moment  in  question,  at  the  boundary  of  the  enl 
darkened  hemispheres,  the  shadows  would  be  t)in«A  /^ 
momincr :  wKinU  —  -.    »•  • 
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md,  on  the  eontraiy,  nigged  and  Berreted,  mi  brilliantlj 
i  poiDts  are  aeen  in  the  dark  pirts  st  some  dietance  from 
irk  sfas/lows  of  cnnHiderable  length  appear  to  break  into 
ated  surface.  The  inequalities  thua  apparent  indieate 
iraeteiiatica  of  the  aurfoce.  The  bright  points  seen  vitbin 
miapbere,  are  tbe  peaks  of  lof^  mounCaiDa  tinged  vith 
~"  'n  the  condition  with  which  all  traTellera 

ia  Alpine  conntriea  are  familiar ; 
after  the  bud  haa  set,  and  darkneas 
baa  Mt  in  over  the  valleys  at  the 
foot  of  the  chaio,  the  Ban  atill 
oonlinaes  ta  illuminate  the  peaks 
above. 

The  sketch  of  the  lunar  creaoent 
in/^.  730,  will  illuatrata  these 
observation  !i. 

The  vihible  hemisphere  of  oor 
satellite  has,  within  the  lastqnarter 
of  a  century,  been  subjected  lo  the 
most  rigorous  ezaniinifion  which 
unwearied  industry,  aided  by  the 
vast  improvement  which  has  been 
effected  in  the  instruments  of  tele- 
scopic observation,  rendered  possi- 
Bible ;  and  it  is  no  exaggeration 
now  to  stale  that  we  possess  > 
chart  of  ihat  beini^pbcre  which  in 
ixcccds  any  similar  reprcscDtAtion  of  tbe 
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if   detail  for  f 
rface. 

tbe  i^elenogniphira]  obferveni,  the  Prussian  astronomers, 
r  and  Madlcr,  stiind  pre-eminent.  Tbuir  descriptive  work 
)cr  Monde  contains  tbe  most  complete  collection  of  observa- 
he  pbysical  conditioo  of  our  eatellilc,  nnd  the  chart,  mea- 
'  inches  in  diaoictcr,  exhibits  the  most  complete  represen- 

tbe  lunar  surfiice  extant.  Iksidcs  this  great  work,  a 
iphie  chart  was  produced  by  >Ir  Russell,  from  obscrvalioDS 
i  a  gevcn-foot  reflector,  a  similar  delineation  by  Lohrmann, 
ne,  a  very  complete  model  in  rL'licf  of  the  visible  hemisphere 
nie  Wittc,  on  Ilanoveriun  lady. 

iTey  to  the  student  any  precise  or  coiiipiot«  idea  of  tbo  masa 
lation  collected  by  the  researches  sod  labours  of  these  emi- 
ervcTS,  would  be  altogether  incompatible  with  the  necessary 
'  K  work  like  that  which  we  have  undertaken.  We  shafl 
I  confine  ourselves  to  a  selection  from  some  of  the  most  re- 
>  reaulta  of  thOK  works,  aided  by  the  telescopic  chart  of  the 
item  quadrant  of  the  moon's  disk,  given  in  Plate  I.,  which 
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o^r«'(  11(111  oi  ihc  chart  of  the  S.  E.  qundrant,  Plate  I.,  will 
and  the  other  three  quadrants  of  the  disk  do  not  diff 
general  character.* 

(b)  CauteM  of  the  tints  of  vhiie  and  gray  on  the  mooii't 
tints  of  white  and  gray  which  mark  Uic  lineaments  obs 
of  the  full  moon  arise  partly  from  the  different  reflei 
mntter  composing  diflPereiit  parts  of  the  lunar  surface, 
different  angles  at  which  the  rays  of  the  solar  light  are  : 
If  the  surface  of  the  lunar  hemisphere  were  uniformly 
these  angles  of  incidence  would  be  determined  by  the  po 
wicli  relation  to  the  centre  of  the  illuminated  hemisp 
cuBC,  the  tints  would  be  more  regular  and  would  Tary  in : 
to  the  centre  of  the  disk  ;  but,  owing  to  the  great  ineqn 
the  Tast  and  coniplicuted  mountainous  masses  which  ] 
part  of  the  surface,  and  the  great  de]»'ths  of  the  caTitiei 
are  surrounded  by  the  circular  mountain  ranges,  the  ang 
the  sulnr  rays  are  subject  to  extreme  niid  irregular  Teriati 
those  lineaments  and  forms  tinted  with  Torious  shades  • 
with  which  every  eye  is  familiar. 

(r)  ShadoKt  %'mhlt  oniy  in  the  phatet  —  they  typpfy  meaa 
depths. — When  the  moon  is  full,  no  shadows  upon  it  can  be 
that  position,  the  visual  ray  coinciding  with  the  luminou 
is  directly  interposed  between  the  observer  and  its  shado' 
progress,  however,  the  shadows  gradually  conic  into  t: 
visual  ray  is  inclined  at  a  gradually  increasing  angle  to  t! 

♦  It  must  be  observed  that  the  chart  represents  the  m 
seen  on  the  south  meridian  in  an  ostrononiical  telescope, 
ment  produces  on  inverted  image,  the  south  pole  appei 
and  the  north  pole  at  the  lowest  ])oint  of  the  disk,  and  tli 
on  the  riglit  and  the  western  on  the  left  of  the  observer, 
tions  are  the  reverse  of  those  which  the  same  points  hi 
without  a  telescope,  or  with  one  which  does  not  invert, 
lire  measured  east  nu.i  «"»  *    "    • 
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in   the  qiinripni.  this  angle  haTing  incrcofieJ  to  DC,  nnd  the  bonndnrj  of 

Tr.«r   tiilicUtcfied  hemitsphcre  being  then  in  the  centre  of  tJie  hoini.sphere 

J  r-r^ciiteJ  to  the  observer,  the  position  is  most  favourable  for  the  ob?ervatir»n 

>•:    tlie   >ha>JuW:i  bjr  which  chiedy,  not  only  the  forms  and  dispositions  of 

the   motintainons  mosses  and  the  intervening  and  enclosed  valleys  and 

Tftvined  are  ascertained,  but  their  heights  and  depths  are  measured.     This 

latter  problem  is  solved  by  the  well-understood  principles  of  geometrical 

projection,  when  the  directions  of  the  visual  and  solar  rays,  the  position  of 

tkt  object,  and  of  the  surface  on  which  the  shadows  are  projected,  aro 

lererally  given. 

(d)  Uniform  patches^  called  oceant,  teat,  j'c,  proved  to  be  irregular  land 
tur/aee.  —  Uniform  patches  of  greater  or  less  extent,  each  having  an  uni- 
forn  gray  tint  more  or  less  dark,  having  been  supposed,  by  early  observers, 
to  be  large  collections  of  water,  were  designated  by  the  names,  Oceani's, 
Mabc,  Pali'S,  Laccs,  Sinus,  &c.  These  names  are  still  retained,  but  the 
iiicrea«ed  power  of  the  telescope  has  proved  that  such  regions  are  diver- 
sified, like  the  rest  of  the  lunar  surface,  by  inequalities  and  undulations, 
of  permanent  forms,  and  are  therefore  not,  aa  was  imogined,  water  or  other 
liquid.  They  differ  from  other  regions  only  in  the  magnitude  of  the  mountain 
■if iff  which  prevail  upon  them.  About  two-thirds  of  the  visible  hemi- 
sphere of  the  moon  consists  of  this  character  of  surface.  Examples  of 
these  are  presented  by  the  Mare  Nubium,  Oceanus  ProccUarura,  Mare  llu- 
Bierum,  &c..  on  the  chart. 

(>•  Whiler  tpot*,  mouutaint.  —  Tile  more  intensely  white  parts  are  moun- 
tains of  various  magnitude  and  form,  whose  height,  relatively  to  the  moon's 
magnitude,  greatly  exceeds  that  of  the  most  stupendous  terrestrial  eini- 
neaces ;  and  there  are  many,  characterised  by  an  abruptness  and  steepness 
vhich  sometimes  assume  the  position  of  a  vast  vertical  wall,  altogether 
without  example  upon  the  earth.  These  are  generally  disposed  in  broad 
maizes,  lying  in  close  contiguity,  and  intersected  with  vast  and  deep 
Tnlleys,  gullies,  and  abysses,  none  of  which,  however,  have  any  of  the 
chtractera  which  betray  the  agency  of  water. 

i/)  Clattrt  of  cirevlar  mouiUain  rangeif.  — -/'ircular  ranges  of  mountains 
which,  were  it  not  for  their  vast  magnitude,  might  be  inferred  from  their 
form  to  have  been  volcanic  craters,  arc  by  far  the  most  prevalent  arraiige- 
nfnt.  Thei^e  have  been  denominated,  according  to  their  magnitudes,  Uil- 
WAaK  Plaf.vs  ItiNO  MoUNTAiNrt,  (.'katkrs,  and  Holes. 

<y)  liiihcarh  plaint.  —  These  are  circular.arcas,  varying  from  40  to  120 
inilir.H  in  diameter,  enclosed  by  a  ring  of  mountain  ridges,  mostly  contiguous, 
Lttt  in  some  casies  intersected  at  one  or  more  point.*)  by  vast  ravine.**.  The 
eaclo«>ed  area  is  generally  a  plain  on  which  niount.'iins  of  less  height  are 
often  scat(ere«l.  The  surrounding  circular  riilge  also  throws  out  spurs, 
both  eiterU'illy  nnd  internally,  but  tlie  latter  are  generally  shorter  tli:in 
the  former.  In  some  case.s,  liowever.  internal  s|iurs,  wliicli  are  ilirimetri- 
r^ly  rip{M>4i'd,  unite  in  the  middle  i^o  as  to  cut  in  two  the  eneliifed  f>Iain. 
in  fbjiue  rare  cases  the  enc]o>ed  )i1ain  is  uninterrupted  hv  mountains,  nnd 
it  \»  aiin>.>.*<t  invariably  depve:<!sed  below  the  general  level  ot'the  »urrouniling 
laod-     .\  lew  iii.stances  are  prevented  of  the  encli>sed  plain  being  convex. 

The  muuntaint«u<j  circle  enoloHing  these  vast  areas  is  seldom  a  single  ridge. 
It  cuOMjitH  more  generally  of  several  concentric  ridges,  one  of  which,  how- 
ever, always  dominates  over  the  rest  and  exhibits  an  unequal  summit, 
broken  by 'stupendous  peaks,  which  here  ami  there  shoot  up  from  it  to  vast 
heights.  Occasionally  it  is  also  interrupted  by  smaller  mountains  of  the 
circular  form. 

Examples  of  bulwark  plains  are  presented  in  the  cases  of  Clavius,  Wal- 
ther,  Ue;:iomoutanu.%  Parbuch,  Alphonse,  and  Ptolcmaius. 

J.S* 
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thau  the  bulwark  pliiius,  vnrying  from  10  to  60  miles  in  dii 
are  generally  more  ri'guUr  and  more  esactly  circular  in  tk 
are  sometimes  found  u|ion  the  ridpe  vliich  encloses  a  bub 
interrupting  the  continuity  of  tlu*ir  boundary,  and  sometim 
within  the  enclosed  area.  SometimcH  they  stand  in  the  uii 
Their  inner  declivity  is  alwnyn  stvvp,  und  the  enclosed  area, 
concave,  often  includes  a  central  monntnin,  presenting  t 
character  of  a  volcanic  cruter,  but  on  a  scale  of  magnitude  i 
in  terrestrial  volcanoes.  The  surface  enclosed  is  always 
region  surrounding  the  enclosing  ridge,  and  the  central  muu 
to  such  a  height  that,  if  it  were  levelled,  it  would  fill  the  di 

(t )  Tycho,  a  ring  mouutain.  —  The  nio8t  remarkable  exam 
is  Tycho  (see  chart,  lat.  420,  long.  12").     This  object  is 
without  a  telescope  on  the  lunar  disk  when  full ;  but,  owif 
tudc  of  other  features  which  become  apparent  around  it  i 
con  then  be  only  distingnihhed  by  a  perfect  knowledge  of  i 
with  a  good  telescope.     The  enclosed  area,  which  is  very 
is  47  miles  in  diameter,  and  the  inside  of  the  enclosing 
steepness  of  a  wall.     Its  height  above  the  level  of  the  en 
16,000  feet,  and  above  thnt  of  the  external  region,  12,000 
u  central  mount,  height  4,700  feet,  besides  a  few  lesser  h 
enclosure. 

{k)  Craters  and  holet,  —  These  are  the  smallest  formationa 
class.  Craters  enclose  a  visible  area,  containing  generally  a 
or  peak,  exhibiting  in  a  striking  manner  the  volcnnic  cha 
include  no  visible  area,  but  may  possibly  be  craters  on  a  Bci 
be  distinguished  by  the  telescope. 

Formations  of  this  class  are  innumerable  on  every  pari 
surface  of  the  moon,  but  are  no  whore  more  prevalent  than 
around  Tycho,  which  mny  be  »Qvn  on  a  very  enliirged  scab 
which  represents  that  ring  nmuntain,  ami  the  adjacent  region, 
sixteen  degrees  of  latitude,  autl  from  sixteen  t«i  twenty  degree 

(/)   Other  tHountain  forma! Urn*.  —  iJe-itli-s  the  preceding, 
most  reniapkftlilt*   tii**  «»....♦  ..i *     ■    * 
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MBtna  round  which  this  extraordinary  railiation  is  mani- 
■kenoineDa,  leva  conspicuounly  developed,  however,  are 
[oyer,  Kuler,  Proclus,  Aristillas,  Timocharis,  and  some 

■^  M  displayed  when  the  moon  is  full  around  Tycho,  are 
lit  IlL  on  the  same  scale  aa  Plate  II. 
I  ttreakfl  commence  at  a  distance  of  about  20  miles  ont- 
ndn  of  Tycho.  From  that  limit  they  diverge  and  over- 
»wt]i  part  of  the  visible  hemisphere.  On  the  8.  they 
g»  of  the  disk ;  on  the  £.  to  Uainxel  and  Capuanus ;  on 
are  Nubinm ;  on  the  N.  to  Alphonso ;  on  the  N.W.  to  the 
td  to  the  W.,  BO  aa  to  cover  nearly  the  entire  south-western 

Haible  when  the  sun's  rays  fall  upon  the  region  of  Tycho 
ireeter  than  25^,  and  the  more  perpendicularly  the  rays 
Bore  fUIy  developed  the  phenomena  will  be.  They  are, 
len  in  their  splendour,  as  represented  in  Plate  III.,  when 
As  the  moon  moves  from  opposition  to  the  last  quarter, 
Tore  gradually  disappenr,  and  the  shadows  of  the  moon- 
re  at  the  same  time  gradually  brought  into  view,  so  that 
moon  undergoes  a  complete  transformation.     This  change 

eshibited  by  holding  the  Plate  III.  before  a  window  to 
f  the  observer  is  turned.  Ho  will  then  see  the  plienomena 
mted  on  the  full  moon.  Let  him  then  turn  slowly  upon 
»  face  is  presented  to  the  window,  holding  the  paper  he- 
ld the  light.  The  Plate  II.  will  then  be  seen  by  moans  of 
of  the  paper,  and  it  will  gradually  become  more  and  more 
it  as  he  turns  more  directly  towardB  the  light.* 
nountain  formations  generally  disappear  under  the  splen- 
Jiuting  streaks,  some  few,  as  will  be  perceived  on  Plate 
be  visible  through  them. 

imerous  selenogra]iliiu  observers  have  proposed  any  satis- 
on  of  these  phcuonittuu,  which  are  exhibited  nearly  in  the 
aund  the  other  ring  niouutitinH  above  named.  Schroter 
>  be  mountaiuM,  an  hyjiothehit*  overturned  by  tiie  observa- 

with  more  powerful  in.strunient!^.  llcrsciiel,  the  elder, 
ea  of  sireamii  of  l4\:i:  Cati.siiii  imagined  they  might  bo 
in  even  suggeniteil  the  pohsihility  of  their  beiug  roads! 
that  these  ring  mountains  may  have  been  among  the  first 
nations;  and,  coiutet|iiPntIy.  the  points  to  which  all  the 
the  formation  of  our  bntellitc  would  have  been  attracted. 
I  produced  cfl'ecty,  sucli  a.^  yitritication  or  oxydation,  which 
active  powers  of  the  tturnice.  We  must,  however,  dismiss 
!,  however  ingenious  and  attractive,  referring  thobo  who 
the  subject  to  the  original  work. 

f  Tycho. — This  region  is  crowded  with  hundreds  of  pcakK, 
rs  (see  Plate  II.)  :  not  the  least  vestige  of  n  plain  cnn 
covered.  Towards  the  E.  and  .S.E.  craters  predominate, 
chains  parallel  to  the  ring  arc  mure  nnmeroue.     On  the  S. 


lus  expedient  is  suggested  by  Miidler.  It  must  be  rcmem- 
that,  while  Plate  11.  repiesents  the  region  as  it  appears  in 
1  inverts,  Plate  HI.  represents  it  as  if  it  were  reflected  in 
t  would  be  seen  with  a  telescope  having  a  pnt<matic  eye- 
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the  mount Ains  are  thickly  scattered  in  confiiscd  masses.  At  a  distance  of 
15  to  25  miles,  craters  and  small  ring  mountains  are  seen,  few  being  cir- 
cular, but  all  approaching  to  that  form.  All  are  surroanded  by  steep  ram- 
parts. 

(o)  Wiihelm  I.  —  This  is  a  considerable  ring  mountain  S.E.  of  TTcho. 
The  altitude  of  its  eastern  parapet  is  10,000  feet>  that  of  its  western  bein; 
only  6,000.  Its  crest  is  stndded  with  peaks ;  and  craters  of  rarious  m%f^ 
nitudes,  heights,  and  depths,  surrounding  it  in  great  numbers,  and  giring 
a  Taried  appearance  to  the  adjacent  region. 

(p)  Lonffomontanua,  —  A  large  circular  range,  hating  a  diameter  of  90 
miles,  enclosing  a  pinin  of  great  depth.  The  eastern  and  western  ridps 
rise  to  the  height  of  12,000  to  18,000  feet  above  the  leTel  of  the  enclosed 
plain.  Its  shadow  sometimes  falls  upon  and  conceals  the  numerous  craters 
and  promontories  which  lie  near  it.  The  whole  surrounding  region  is 
savage  and  rugrged  in  the  highest  degree,  and  must,  according  to  Midler, 
have  resulted  from  a  long  succession  of  convulsions.  The  principal  tod 
apparently  original,  crater  has  given  way  in  course  of  time  to  a  series  of 
new  and  less  violent  eruptions.  All  these  smaller  formations  are  viidblt 
on  the  full  moon,  but  not  the  principal  range,  which  then  disappears, 
though  its  place  may  still  be  ascertained  by  its  known  position  in  relation 
to  Tycho. 

(q)  Maginut. — This  range  N.W.  of  Tycho  (see  Plate  I.)  has  the  appetr- 
ance  of  a  vast  and  wild  ruin.  The  wide  plain  enclosed  by  it  lies  in  de«p 
shade  even  when  the  sun  has  riven  to  the  meridian.  Its  general  heiglit  is 
13,000  feet.  A  broad  elevated  base  connects  the  numberless  peak?,  ter- 
races, and  groups  of  hills  constituting  this  range,  and  small  craters  are 
numerous  among  these  wild  and  confused  masses.  The  central  peak  a  is 
a  low  but  well-defined  hill,  close  to  which  is  a  crater-like  depression,  and 
other  less  considerable  hills. 

(r)  Analogy  to  tcrreftrial  volcanoes  more  apparent  than  real  —  enlarged  nVr 
of  Gasaendi. — The  volcanic  character  observed  in  the  selenographic  fonua- 
tions  lopes  much  of  its  analogy  to  like  formations  on  the  earth's  surfaee 
when  higher  magnifying  powers  enable  us  to  examine  the  details  of  what 
appear  to  be  craters,  and  to  compare  their  dimensions  with  even  the  Di<!st 
extensive  terrestrial  craters.  Numerous  examples  may  be  produced  to  il- 
lustrate this.  We  have  seen  that  Tycho,  which,  viewed  under  a  roodenre 
magnifying  power,  appears  to  posscj-a  in  so  eminent  a  degree  the  volcanic 
character,  is,  in  fact,  a  circular  chain  enclosing  an  area  upwards  of  fiftv 
miles  in  diameter.  Gassendi,  another  system  of  like  form,  and  of  ftili 
more  stupendous  dimensions,  is  delineated  in  fig.  1,  Plate  IV..  as  sroa 
with  high  magnifying  powers.  This  remarkable  object  consists  of  two 
enormous  circular  chains  of  mountains ;  the  lesser,  which  lies  to  the  nortli. 
measuring  IGJ  miles  in  diameter,  and  the  greater,  lying  to  the  soutli,  in- 
closing an  area  GO  miles  in  diameter.  The  area  enclosed  by  the  fomiir 
is  therefore  214,  and  by  the  latter  2,827  square  miles.  The  height  of  il*<' 
lesser  chain  is  about  10,000  feet,  while  that  of  the  greater  varies  from  3.-V'*.' 
to  5,(.MX)  feet.  The  vast  area  thus  enclosed  by  the  greater  chain  includos 
at  or  near  its  centre,  a  principal  central  mountain,  having  eight  peaks  ar.ii 
a  height  of  2.000  feet,  while  scattered  over  the  surrounding  enclosure  uf- 
wards  of  a  hundred  mountains  of  less  considerable  elevation  have  been 
counted. 

It  is  easy  to  see  how  little  analogy  to  a  terrestrial  volcaliic  crater  is  pr^ 
■cntcd  by  these  characters. 

J       The  preceding  selections,  combined  witli  tbc  charts.  Plates  I,  D) 
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m,  aid  lYy  will  w&np  to  thov  the  gsnenl  pbjfiieftl  dwracter  of 
the  laDtr  warfttoB,  mid  the  ekbonte  aeeoFMy  with  which  it  has  been 
sobnitted  to  teleeoq»o  examinetioa*  In  the  wuk  of  Beer  and 
Jfidler,  a  table  of  the  heights  of  above  1000  mountains  is  given, 
smnl  of  whieh  attuo  to  an  elevation  of  28,000  ftet,  eqnal  to  that 
«f  the  highest  sommits  of  terrestrial  monntainsi  while  the  diameter 
of  the  moon  is  little  more  than  one  fourth  that  of  the  earth. 

2491.  Ob^ermHmu  of  Eenckd.  —  Sir  J<^n  Hersohel  says,  that 
sBoag  the  loner  mooniains  maj  be  observed  in  its  hkhesi  perfection 
the  tnie  voleanie  ehaneteri  as  seen  in  the  enter  cT  Tesnvius  and 
ihevhere ;  hat  irith  the  remarkable  peenliarity  that  the  bottoms  of 
MBj  of  tlie  cratere  are  veiy  deenl j  depramsd  below  the  genend 
■rfsee  of  the  moon,  the  intemaLdqith  being  in  many  eases  two  or 
Ans  times  the  external  he^t  In  some  cases,  he  thinks,  decisive 
Mflui  of  vokanio  stnitilcatmn,  arisinff  from  e  sncoession  of  deponts 
d  efeeted  Inatter,  and;  evident  incUcations  of  cnrraits  of  lava 
itaaung  ontwards  in  idl  diraetioiis,  may  be  clearly  tnused  with 
lescifid  telescopes. 

il92.  OlmrwUum  of  Ok  BolH  of  Roue.— Bj  means  of  the 
|Mt  nfleetinff  telescope  of  Loid  Bosse,  the  flat  bottom  of  the 
Mior  called  Aloategnnis  is  fstinetly  seen  to  be  strewed  with  blocks, 
Mt  visible  with  lees  poweiftd  instroments ;  whib  the  exterior  of 
Mother  (AristiUns)  is  intensetsd  with  deep  gnllics  ndiating  from 


2488.  Smwrnd  imfimmiot  of  the  $noon  on  Ae  weaAer. — Among 
Ike  many  iranenoss  which  the  moon  is  supposed,  by  the  world  in 
giasral,  to  exercise  upon  oor  slobe,  one  of  those,  which  has  been 
Met  nniversally  belimd,  in  ml  ages  and  in  all  oonntries,  is  that 
tUeh  it  is  presomed  to  exert  npon  the  changes  of  the  weather. 
ihhongh  the  particular  detaUs  of  this  influence  are  sometimes  pre- 
tended to  be  described,  the  only  general  principle,  or  rule,  which 
Mmils  with  the  worid  in  general  is,  that  a  change  of  weather  may 
Be  looked  for  at  the  epochs  of  new  and  full  moon :  that  is  to  say, 
if  the  weether  be  previously  fair  it  will  become  foul,  and  if  fool 
till  beeofltte  lair.  Similar  changes  are  also,  sometimes,  though  not 
■>  confidently,  lodged  for  at  the  epochs  of  the  quarters. 

A  qnestioii  of  this  kind  may  be  regarded  einier  as  a  question  of 
■ceanes,  or  a  qoestioa  of  &ot. 

If  it  be  regarded  as  a  questien  of  science,  we  are'called  upon  to 
aphin  how  and  by  what  property  of  mat^r,  or  what  law  of  nature 
er  attrsetion,  the  moon,  at  a  distance  ci  a  quarter  ci  a  million  of 
Bilea^  combining  its  eflbots  with  the  sun,  at  four  hundred  times  that 
diatance,  can  iWMlaoe  those  alleged  chan^.  To  this  it  may  be 
leafily  aaswwsd  that  no  known  kw  or  prind]^  has  hitherto  ex- 
pfauned  any  soeh  pheoomena.  The  moon  aod  sun  must^  doubtless, 
ifai  the  oeean  of  air  which  sorroonds  the  globe,  as  they  affect  the 


liueoomeno.  Our  6rat  busioess  is  t 
observe  the  pbenomena  of  the  changes  ol 
pat  them  in  juzUipoHition  with  the  eonten 
lunar  phases.  If  there  bo  any  discoverab 
becomes  a  question  of  physics  to  assign  its 

Such  a  course  of  observation  has  been 
lories  with  all  the  rigour  and  exactitude 
quirj,  and  has  been  continued  over  periods 
to  efface  all  conceivable  effects  of  accidental 

We  can  imagine,  placed  in  two  parallel  co 
the  series  of  eptxihs  uf  the  new  and  full  m« 
and  the  corresponding  conditions  of  the  weal 
fifty  or  one  hundred  years  buck,  so  that  we  i 
amine,  as  a  mere  matter  of  fact,  the  conditi 
one  thousand  or  twelve  hundred  full  and  ne^ 

From  such  a  mode  of  observation  and  inqui) 
clusively  that  the  popular  notions  concerning 
lunar  phases  on  the  weather  have  no  foundut 
correspondence  with  observed  facts.  That  th 
tation,  exerts  an  attraction  on  our  atmosphen 
but  the  effects  which  that  attraction  would  pro* 
are  not  in  accordance  with  observed  phenoi 
these  effects  are  cither  too  small  in  amount  to 
actual  state  of  meteorological  inijtrumonts,  oi 
by  other  more  powerful  causes,  fmm  which  1 
been  eliminated.  It  appears,  however,  by  sc 
tions,  not  yet  confirmed  or  continued  throuj;h 
time,  that  a  slight  corrcsnon'^"""' 
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senllj  entertained  even  in  oonntries  remote  from  each  otberi  m 
tat  which  presamcs  an  influenoe  of  the  moon  over  Che  changeA  of 
e  weather,  will  do  well  to  remember  that  against  that  opinion  we 
ire  not  here  opposed  mere  theory.  Nay,  we  have  abandooed  for 
«  oocaaion  the  support  that  science  might  afford,  and  the  light  it 
i^t  ahed  on  the  negative  of  this  question,  and  have  dealt  with  it 
I  a  mere  question  of  fact     It  matters  little,  so  far  as  this  question 

eonoemedy  in  what  manner  the  moon  and  sun  may  produce  an 
lect  on  the  weather,  nor  even  whether  thev  be  active  causes  in 
radneing  soch  effect  at  all.  The  point,  and  the  only  point  of  im- 
artance,  is,  whether,  regarded  as  a  mere  mattrr  of  fact^  any  cor* 
■pondenoe  between  the  changes  of  the  moon  and  those  of  tlio 
cather  exists?  And  a  short  examination  of  the  recorded  fact^ 
raives  that  it  does  not. 

24d4.  OOuT  mtppoted  lunar  influences, — ^But  meteorological  phe- 
onena  are  not  the  only  effects  imputed  to  our  satellite ;  that  body, 
ikfl  comete,  is  made  responsible  for  a  vast  variety  of  interferences 
nth  (ffganiaed  nature.  The  circulation  of  the  juices  of  vegetables, 
hi  qualities  of  grain,  the  fate  of  the  vintage,  are  all  laid  to  it8  ac- 
ouat;  and  timber  must  be  felled,  the  harvest  cut  down  and  gathered 
By  and  the  juice  of  the  grape  expressed,  at  tiroes  and  under  cir- 
iimitann»ff  regulated  by  the  aspects  of  the  moon,  if  excellence  be 
Kjped  for  in  these  products  of  the  soil. 

Aooording  to  popular  belief,  our  putellitc  also  presides  over  human 
aaladies;  and  the  phenomena  of  the  sick  chamber  are  governed  by 
he  lunar  phases;  nay,  the  very  marrow  of  our  bones,  and  the  weight 
if  oar  bodies,  suffer  increase  or  diminution  by  its  influence.  Xor 
I  iti  imputed  power  confined  to  physical  or  organic  effects;  it  noto- 
iooalj  governs  mental  derangement. 

If  these  opinions  respecting  lunar  influences  were  limited  to  par- 
aeolar  countries,  they  would  be  less  entitled  to  serious  consideration ; 
mt  it  is  a  curious  fact  that  many  of  them  prevail  and  have  pre- 
niled  in  quarters  of  the  earth  so  distant  and  unconnected,  that  it  is 
liflMmli  to  imagine  the  same  error  to  have  proceeded  from  the  same 


Oar  limits,  and  the  objecte  to  which  this  volume  is  directed, 
"eader  it  impossible  here  to  notice  more  than  a  few  of  the  principal 
ihjsical  and  physiological  influences  imputed  to  the  moon ;  nor  even 
rith  respect  to  these  can  we  do  more  than  indicate  the  kind  of  ex- 
unination  to  which  they  have  been  submitted,  and  the  conclusions 
rhich  have  been  deduced  from  it. 

2495.  The  red  moon.  —  Gardeners  give  the  name  of  Red  Moon 
o  that  moon  which  is  full  between  the  middle  of  April  and  the 
dote  of  Blay.  According  to  them  the  light  of  the  moon  at  that 
vaaon  exercises  an  injurious  influence  upon  the  young  shoots  of 
^kuits.    They  say  that  when  the  sky  is  clear  the  leaves  and  buds 


^.^.oirun:  and  may  be  froson 
lae  sky  be  clouded,  their  temperature  is  ma 
above  stated. 

The  moon,  therefore,  has  no  eonnection  wY 
and  it  is  certain  that  plants  would  suffer  un 
stances  whether  the  moon  is  above  or  below  tt 
is  quite  true  that  if  the  moon  be  above  the  hoi 
suffer  unless  it  be  visible ;  because  a  clear  t> 
much  to  the  production  of  the  injury  to  the 
bility  of  the  moon ;  and,  on  the  other  hand,  th 
veil  the  moon  and  intercept  her  light  give  bae 
warmth  which  prevents  the  injury  Iiere  advortt 
opinion  is  therefore  right  as  to  the  rffevt^  but  wi 
and  its  error  will  be  at  once  discovered  by  shon 
night,  when  the  moon  is  new,  and,  therefore,  nc 
may  nevertheless  suffer. 

249G.  ^itp^Hm^d  nijfiienc^  on  timltrr.  —  An  c 
entertained  that  timber  should  be  felled  only  dui 
the  moon  ;  for  if  it  be  cut  down  during  its  inci 
of  a  good  and  durable  quality.  This  impression 
countries.  It  is  acted  upon  in  England,  and  is  ] 
legislation  in  France.  The  forest  laws  of  the  ] 
diet  the  cutting  of  timber  during  the  increase 
same  opinion  prevails  in  I^razil.  Signor  Franc 
ucnt  agriculturist  in  the  province  of  ]£spirito  Sa 
result  of  his  experience,  that  the  wood  which  wa 
full  of  the  moon  was  immediately  attacked  by  w 
rotted.  In  the  extensive  forests  of  Germnn^'  * 
entertained  and  art <»'^  "-*- 
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The  iDcreue  or  decrease  of  the  moon  has  no  appreciable  iDfluenco 
00  the  phenomena  of  vegetation;  and  the  experiments  and  obser- 
Tationa  of  sereral  French  agriculturists,  and  especially  of  M. 
Buhamel  du  Monceau  (already  alluded  to)  have  clearly  established 
this. 

2498.  Suppoted  lunar  influence  on  u:ine-fnak{ng, — ^It  is  a  maxim 
of  wine-growers,  that  wine  which  has  been  made  in  two  moons  is 
Derer  of  a  good  quality,  and  cannot  be  clear. 

To  this  we  need  only  answer,  that  the  moon's  rays  do  not  affect 
the  temperature  of  the  air  to  the  extent  of  one  thousandth  part  of  a 
degree  of  the  thermometer,  and  that  the  difference  of  temperatures 
of  any  two  neighbouring  places  in  which  the  process  of  making  the 
wine  of  the  same  soil  and  vintaffo  might  be  conducted,  may  be  a 
tbonsand  times  greater  at  any  given  moment  of  time,  and  vet  no 
one  ever  imagines  that  luoh  a  circumstance  can  affect  the  quality  of 
the  wine. 

2499.  Svppoied  lunar  influence  on  the  complexion.  —  It  is  a 
prevalent  popular  notion  in  some  parts  of  Europe,  that  the  moon's 
light  is  attended  with  the  effect  of  darkening  the  complexion. 

That  light  has  an  affect  upon  the  colour  of  material  substances 
is  a  fact  well  known  in  physics  and  in  the  arts.  The  process  of 
bleaching  by  exposure  to  the  sun  is  an  obvious  example  of  this  class 
of  facts.  Vegetables  and  flowers  which  grow  in  a  situation  excluded 
from  the  light  of  the  sun  arc  different  in  colour  from  tbosc  which 
have  been  exposed  to  its  influence.  The  most  striking  instance, 
however,  of  the  effect  of  certain  rays  of  solar  light  in  blackening  a 
light- coloured  substance,  is  afforded  by  chloride  of  silver,  which  is 
a  white  substance,  but  which  immediately  becomes  black  when  ucted 
upon  by  the  rays  near  the  red  extremity  of  the  spectrum.  This 
rabstancc,  however,  highly  susceptible  as  it  is  of  having  its  colour 
afliected  bv  light,  is,  nevertheless,  found  not  to  be  changed  in  any 
■ensible  degree  when  exposed  to  the  light  of  the  moon,  even  when 
that  light  is  condensed  by  the  most  powerful  burning  lenses.  It 
woiild  seem,  therefore,  that  as  far  as  any  analogy  can  be  derived 
from  the  qualities  of  this  substance,  the  popular  impression  of  the 
influence  of  the  moon's  rays  in  blackening  the  skin  receives  no 
support. 

2500.  Supposed  lunar  influence  on  putrefaction.  —  Pliny  and 
Plutarch  have  transmitted  it  as  a  maxim,  that  the  light  of  the  moon 
facilitates  the  putrefaction  of  animal  substances,  and  covers  them 
with  moisture.  The  same  opinion  prevails  in  the  West  Indies,  and 
in  South  America.  An  impression  is  prevalent,  also,  that  eortaiu 
kinds  of  fruit  exposed  to  moonlight  lose  their  flavour  und  )>ccome 
floft  and  flabby;  and  that  if  a  wounded  mule  be  expensed  to  the 
light  of  the  moon  during  the  night,  the  wound  will  be  irritated,  and 
frequently  become  incnrable. 

iir.  1ft 


ASTRONOMY. 

'{Tccts,  if  reiki,  may  be  explained  upon  tbc  same  pi 
by  which  wo  have  alreBdy  eiplnined  the  effcttn  im) 
loon.     Aainial  Bubslancps  ciposed  to  a  dear  ekj  a 
1  to  receive  a  deposition  of  dew,  which  humidity  hi 
accelerate  putrefaction.     But  this  effect  will  be  ] 
y  bo  clear,  whether  the  moon  be  above  the  horiEon 
n,  therefore,  in  this  case,  ia  &  witness  and  not  u 
3UBt  acquit  her  of  the  mii^dceds  imputed  to  her. 
*■<;  lurmr  influtnce  on  t,hdl-Juih.—\t  is  a  very  an* 
It  oysters  aud  other  HhelLfisli  become  larger  during 
an  during  the  decline  of  the  moon.     This  maxim 
'  the  poet  Lucilius,  by  Aulus  Gelhui-,  and  others; 

of  the  academy  del  Cimento  appear  Co  have  taaitl; 
Dce  they  endeavour  to  give  an  explanation  of  it.     ' 

haa  been  carefully  CKarnincd  by  Rohault,  who  1 
ill-fish  taken  at  all  periods  of  the  Innar  month,  an 

exhibit  no  difference  of  quality. 

Suppotfd  lunar  ivjluencf  on  l/it   marrow   0/ mi 
011  is  prevalent  nniong  the  butchers  that  the  marrt 
nes  of  Liniuiuls  varies  in  quantity  according  to   tl 
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new.  In  France  it  is  a  maxim  generally  adopted,  that  the 
i  better  and  more  succepsfullj  reared  when  they  break  the 
the  full  of  the  moon.  The  experiments  and  obscrrations 
iron  de  Buzareingues  have  given  countenance  to  this  opin- 
ut  such  observations  require  to  be  multiplied  before  the 
■an  be  considered  as  established.  M.  Girou  inclines  to  the 
that  during  the  dark  nights  about  new  moon  the  hens  sit  so 
bed  that  they  either  kill  their  young  or  check  their  devel- 
by  too  much  heat ;  while  in  moonlight  nights,  being  more 
this  effect  is  not  produced. 

SuppoMed  lunar  infiuence  on  menial  derangement  and 
man  maladies.  —  The  influence  on  the  phenomena  of  human 
I  imputed  to  the  moon  is  very  ancient  Hippocrates  had  so 
faith  in  the  influence  of  celestial  objects  upon  animated 
that  he  expressly  recommends  no  physician  to  be  trusted 
gnorant  of  astronomy.  Galen,  following  Hippocrates,  main- 
be  same  opinioa,  especially  of  the  influence  of  the  moon 
n  diseases  the  lunar  periods  were  said  to  correspond  with  the 
Ml  of  the  sufferings  of  the  patients.  The  critical  days  or 
8  they  were  afterward  called),  were  the  seventh,  fourteenth, 
mty-first  of  the  disease,  corresponding  to  the  intervals  be- 
le  moon's  principal  phases.  While  the  doctrine  of  alchym- 
railed,  the  human  body  was  considered  as  a  microcosm  \  the 
presenting  the  sun,  the  brain  the  moon.  The  planets  had 
I  proper  influence :  Jupiter  presided  over  the  lungs.  Mars 
J  fiver,  Saturn  over  the  spleen,  Venus  over  the  kidneys,  and 
Y  over  the  organs  of  generation.  Of  these  grotesque  no- 
lere  is  now  no  relic,  except  the  term  lunact/j  which  still 
tes  unsoundness  of  mind.  But  even  this  term  may  in  some 
be  said  to  be  banished  from  the  terminology  of  medicine, 
I  as  taken  refuge  in  that  receptacle  of  all  antiquated  absurd  i- 
phraseology  —  the  law.  Lunatic,  we  believe,  is  still  the 
r  the  subject  who  is*  incapable  of  managing  his  own  affairs. 
OQgh  the  ancient  faith  in  the  connection  between  the  phases 
noon  and  the  phenomena  of  insanity  appears  in  a  great 
to  be  abandoned,  yet  it  is  not  altogether  without  its  votaries; 
'e  we  been  able  to  ascertain  that  any  series  of  observations 
:od  on  scientific  principles  has  ever  been  made  on  the  pheno- 
\f  insanity,  with  a  view  to  disprove  this  connection.  We 
ven  met  with  intelligent  and  well-educated  physicians  who 
intain  that  the  paroxysms  of  insane  patients  are  more  violent 
be  moon  is  full  than  at  other  times. 

I.  Examples  produced  hi/  Faher  and  Ramazzini.  —  Ma- 
Faber  gives  an  instance  of  a  maniac  who,  at  the  very  mo- 
f  an  eclipse  of  the  moon,  became  furious,  seized  upon  a 
and  fell  upon  every  one  around  him.     BAmazzini  relates 


I 


...J  ^  |/tc«iui|  IS  cviuent  i 
Have  been  recorded. 

At  no  very  distant  period  from  that  time,  in 
related  that  patients  in  considerable  numbers  wt 
physicians,  shut  up  in  chambers  well  closed,  wan 
wirh  a  view  to  escape  the  injurious  influence  o 
which  happened  at  that  time ;  and  such  was  tl 
persons  of  all  classes,  that  the  numbers  who  flo 
were  so  great  that  the  ecclesiastics  found  it  impoi 
that  rite.     An  amusing  anecdote  is  related  of  a  ^ 
Paris,  who,  with  a  view  to  ease  the  minds  of  his 
the  necessary  time  to  get  through  his  business, 
them  that  the  eclipse  was  postponed  for  a  fortnigl 

2507.  Examj^les  of  Vu  11  isnieri  and  Bacon,— 
remarkable  examples  recorded,  of  the  supposed 
moon  on  the  human  body,  are  those  of  Yallisnieri 
lisnieri  declares  that,  being  at  Padua,  recoverine 
illness,  ho  suffered,  on  the  12th  of  May,  1700,  d 
of  the  sun,  unusual  weakness  and  shivering.     Luii 
happened  without  making  Bacon  faint;  and  he  di 
senses  till  the  moon  recovered  her  light. 

That  these  two  striking  examples  should  be  adn 
the  existence  of  lunar  influence,  it  would  be  DC 
Arago,  to  establish  the  fact,  that  feebleness  and 
character  are  never  connected  with  high  qualities  o 

250S.  Sup2X>s('d  injlucnce  on  cutaneous  ajffeci 
considered  that  cutaneous  maladies  had  a  manifes 
the  lunar  phases.     lie  says  that  he  himself  obsc 

1760,  a  patient  afliicted  with  n  sPfii.'  »-— ^  ^'  ' 
J ir         -    • 
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ptween  the  lanar  phases  and  the  distemper  of  the  itch ;  but  the 
rcu instances  were  the  reverse  of  those  in  the  former  case;  the 
aladj  attaining  its  maximum  at  the  full  of  the  moon,  and  its 
inimum  at  the  new  moon. 

Without  disputing  the  accuracy  of  these  statements,  or  throwing 
ij  suspicion  on  the  good  faith  of  the  physician  who  has  made 
lem,  wc  may  observe  that  such  facts  prove  nothing  except  the 
rtoitons  coincidence.  If  the  relation  of  cause  and  effect  had 
ostfid  between  the  lunar  phases  and  the  phenomena  of  these  dis- 
Bpers,  the  same  cause  would  have  continued  to  produce  the  same 
feet  in  like  circumstances ;  and  we  should  not  be  left  to  depend 
r  the  proof  of  lunar  influence  on  the  statements  of  isolated  cases, 
mining  under  the  observation  of  a  physician  who  was  himself  a 
diever. 

2509.  RemarJcahJe  com  adduced  hy  Hoffman.  —  Maurice  Iloff- 
AD  relates  a  case  wbkh  jeame  under  bis  own  practice,  of  a  young 
ouuDy  the  dauehter'llf  an  epileptic  patient.  The  abdomen  of  this 
irl  became  ioflafed  every  month  as  the  moon  increased,  and  rcgu- 
kriy  i<  miirtl  its  natural  form  with  the  decline  of  the  moon. 

NoiTy' If  this  statement  of  Hoffman  were  accompanied  by  all  tbc 
eeqpnry  details,  and  if,  also,  we  were  assured  that  this  strange 
ini  continued  to  be  produced  for  any  considerable  length  of  time, 
b  relation  of  cause*  and  effect  between  the  phases  of  the  moon 
•d  the  malady  of  the  girl  could  not  legitimately  be  denied )  but 
Bceiving  the  statement  in  so  vague  a  form,  and  not  being  assured 
lat  the  effiect  continued  to  be  produced  beyond  a  few  months,  tbc 
iptimate  conclusion  at  which  we  must  arrive  is,  that  this  is  another 
nmple  of  fortuitous  omncidenoe,  and  may  be  classed  with  the  ful- 
hMnt  of  dreams,  prodigies,  &c.y  &o. 

251 0.  Ceues  of  nervou9  diseases, —  As  may  naturally  bo  ex- 
ected,  nervouB  diseases  are  those  which  have  presented  the  most 
requent  indieationa  of  a  xdation  with  the  lunar  phases.  The  ce  hi- 
nted Mead  was  a  strong  believer,  not  only  in  the  lunar  influence, 
ut  in  the  iDfluence  of  all  the  heavenly  bodies  on  all  the  human. 
le  cit^  the  case  of  a  child  who  always  went  into  convulsions  at  the 
lomcnt  iyf  full  moon.  Pjrson,  another  believer,  cites  another  ease 
f  a  paralytic  patient  whose  disease  was  brought  on  by  the  new 
icon.  Menuret  records  the  case  of  an  epileptic  patient  whose  fits 
ptumed  with  the  full  moon.  The  transactions  of  learned  societies 
bound  with  examples  of  giddiness,  malignant  fever,  somnamhu- 
soi,  &c.,  having  in  their  paroxysms  more  or  less  corresponded  with 
lie  lunar  phases.  Oall  states,  as  a  matter  having  fallen  under  his 
wn  obser^'ation,  that  patients  suffering  under  weakness  of  intellect 
ad  two  periods  in  the  month  of  peculiar  excitement;  and,  in  a 
rork  published  in  London  so  recently  us  1829,  we  are  assured  that 
bese  epochs  are  between  the  new  and  full  moon. 

19* 
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.10  are  not  aware  of  any  scientific  phjai 

directed  hia  attention  to  this  qaestion,  excep 

celebrated  for  his  discovery  of  the  planets 

states  that,  in  the  course  of  a  long  medical 

I  able  to  discover  the  slightest  traoe  of  any  ( 

j  phenomena  of  disease  and  the  phases  of  the 
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2512.  Influence  not  to  he  hastily refectUl* 
philosophy,  M.  Arago,  nevertheless,  reoomniei 
against  this  influence.     The  nervons  gvatom,  1 
stances  an  instrument  infinitely  mort'iaelieijfte 
apparatus  of  modem  physics.  .  Who  floes  not 
tory  nerves  inform  us  of  the  prea^obe  of  odo 
the  traces  of  which  the  most  refined  physical 
detect?     The  mechanism  o(  the  eye  is  hig 
lunar  light  which,  even  condensed  with  all  the 
burning  lenses,  fails  to  affect  by  its  heat  the  li 
mometeni,  or  by  its  chemical  i^uenoe,  the  oh 
a  siii;ill  portion  of  this  light, injftodnced  throuj 
suflicicnt  to  produce  an  instaiwteoas'ooitftai 
nevertliolcss,  the   integuments  p{  this  Jn^gh 
light,  appear  to  be  completely  nert  when  wM 
pupil  remains  unmoved,  whether  we  sorapo  it 
needle,  moisten  it  with  liquid  acids,  or  (bo part 
Rparks.     The  retina  itself,  which  sympathiid 
inKcnsible  to  the  influence  of  the  most  acdvc 
Phenomena  so  my^<terious  should  teach  us  wl 
should  reason  on  analogies  dmwr»  f — 
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CHAP.  X. 
THE  TIDES  AND  TRADE  WINDS. 

2513.  Correspondence  between  Hie  recurrence  of  the  titles,  and 
the  diurnal  aj^arance  of  the  moon,  —  The  phenomena  of  the  tides 
of  the  ocean  are  too  remarkable  not  to' have  attracted  notice  at  an 
early  period  in  the  progress  of  knowledge.  The  intervals  between 
the  epochs  of  high  and  low  water  everywhere  corresponding  with 
the  intervals  between  the  puai^  of  the  moon  over  the  meridian 
above  and  below  th^  haipim,  suggested  naturally  the  phvsical  con- 
nection between  tbaps  two  effeets,  aad  indicated  the  probability  of 
the  eftose  of  tlw  ^i|te  being  if^d.in  the  motion  of  the  moon. 

2514.  ja^fetokotiOM/g|r  thi  lunar  influence.  — There  are  few 
nbjeelirS  plfj^sical  scienee  about  which  more  erroneous  notiuus 
pnp^*  aibiBdg  those  whi  are  iVtit  a  little  informed.  A  common 
limm^  that  the  atfaEi^oiL  obptl^  moon  draws  the  waters  of  the 

Ml^  Ibwaid  that  side  dt  the  grobB^n  which  it  happens  to  be  placed, 
"^^pfttiiAt  ooaaegp^tljr  they  arej[Kapje|d  up  on  that  side,  so  that  the 
.  Ijteiw  and  mA 'acquire  ther^'a  greater  depth  than  elsewhere ;  and 
^  mA  b^^ water. will  thus  tdb|Lp(ice  under,  or  nearly  under,  the  moou. 
./  Bal  thia  dOd  not  correspon^with  the  fact.     High  water  is  not  pro- 
.     dMed^iaerely  under  the  iaooti|'but  is  equally  produced  upou  those 
|f    piK  moflt  removed  fto1Q^t|i^  «moon.     Suppose  a  meridian  of  the 
•irtii'to  selected)  th^t  i¥^^  were  continued  beyond  the  earth,  its 
\'  lIuie-JiDuld  pag^ through  fte  moon';  wo  find  that,  subject  to  certain 
modi&ktiooay  »  great  m^wave,  or  what  is  called  high  water,  will 
be  fonniid  tm  both  ndA^'df  this  meridian ;  that  is  to  say,  on  the 
side  next  the  moon^u^on  the  side  remote  from  the  moon.    As  the 
mooa  moves,  these>iwo  great  tidal  wavCs  follow  her.     They  are  of 
course  separated  from  each  other  by  half  the  circumference  of  the 
globe.     As  the  globe  revolves  with  its  diurnal  motion  upon  its  axis, 
*    every  part  of  its  surface  passes  successively  under  these  tidal  waves ; 
and  at  all  such  parts,  as  they  pass  under  them,  there  is  the  pheno- 
menon of  high  water.     Hence  it  is  that  in  all  places  there  are  two 
tides  daily,  having  an  interval  of  about  twelve  hours  between  thcui. 
Now,  if  the  common  notion  of  the  cause  of  the  tides  were  well 
founded,  there  would  be  only  one  tide  daily — viz.,  that  which  would 
take  place  when  the  moon  is  at  or  near  the  meridian. 

2515.  Tlu  moon's  attraction  alone  will  not  explain  the  tideii. — 
That  the  moon's  attraction  upon  the  earth  simply  considered  would 
not  explain  the  tides  is  easily  shown.     J^et  us  suppose  that  the 


..  _^,.,  Hunia  preserve  avicDg  themiel 
poriticHi  oa  if  tbej  wcra  not  Attnclcd  at  all. 

2516.   TS'tfa  rauud  hy  the  ififfemiie  of  A 
fertnl  parti  of  the  earth.  —  When  we  obscir 
composed  of  vuioua  particles  of  matter,  thnt 
meet  of  these  particles  is  diiturbed,  soma  be 
dircctiona  more  than  otLers,  llie  inference  i>, 
parts  of  such  n  ma-ia  most  be  placed  under  the  i 
forces;  those  which  lend  more  than  others  in 
being  driven  with  a  proportionally  greater  force 
with  the  earEh,  pkccd  under  the  attraction  of  tl 
is,  in  fiict,  what  must  happen  nnder  the  operat 
force  like  that  of  gravitation,  whicb  dimioishei 
the  square  of  the  distance  increases. 

Let  A,  B,  C,  D,  E,  T,  a,  II,  fff.  781,  represent 
earth,  and,  to  simplify  the  ezpUnation,  let  us  fin( 
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wbich  it  exercises  at  A  and  0,  and  still  greater  than  that  which  it 
produces  at  B  and  F ;  and  the  attraction  which  it  exercises  at  D  is 
least  of  all.  Now  this  attraction  equally  affects  matter  in  every 
state  and  condition.  It  affects  the  particles  of  fluid  as  well  as  solid 
matter ;  but  there  is  this  difference,  that  where  it  acts  upon  solid 
matter,  the  component  parts  of  which  are  at  different  distances  from 
it,  and  therefore  subject  to  different  attractions,  it  will  not  disturb 
the  relative  arrangement,  since  such  disturbances  or  disarrangements 
are  prevented  by  the  cohesion  which  characterises  a  solid  body ;  but 
tbia  18  not  the  case  with  fluids,  the  particles  of  which  are  mobile. 

The  attraction  which  the  moon  exercises  upon  the  shell  of  water, 
which  is  collected  immediately  under  it  near  the  point  z,  is  greater 
than  that  which  it  exercises  upon  the  solid  mass  of  the  globe ;  con- 
aeqnently  there  will  be  a  greater  tendency  of  this  attraction  to  draw 
the  fluid  which  rests  upon  the  surface  at  H  toward  the  moon^  than 
to  draw  the  solid  mass  of  the  earth  which  is  more  distant. 

As  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attrac- 
tion, it  will  nec-essarily  heap  itself  up  in  u  pile  or  wave,  over  ii, 
ibitning  a  convex  protuberance,  as  represented  between  r  and  u 
Thna  high  water  will  take  place  at  H,  immediately  under  the  moon. 
The  water  which  thus  collects  at  H  will  necessarily  flow  from  tho 
KgioDS  B  and  F,  where  therefore  there  will  be  a  diminished  quantity 
in  the  same  proportion. 

But  let  us  now  consider  what  happens  to  that  part  of  the  earth 
D.  Here  the  waters,  being  more  remote  from  tlie  moon  than  tho 
■olid  mass  of  the  earth  under  them,  will  he  less  attracted,  and  con- 
■equently  will  have  a  less  tendency  to  gravitate  toward  the  moon. 
The  solid  mass  of  the  earth,  dh,  wilt,  as  it  were,  recede  from  the 
waters  at  n,  in  virtue  of  the  excess  of  attraction,  leaving  these 
waters  behind  it,  which  will  thus  bo  heaped  up  at  n,  so  as  to  form 
a  convex  protuberance  between  I  and  k,  similar  exactly  to  that 
which  we  have  already  described  between  r  and  t.  As  the  differ- 
ence between  the  attraction  of  the  moon  on  the  waters  at  z  and  the 
solid  earth  under  the  waters  is  nearly  the  same  as  the  difference 
between  its  attraction  on  the  latter  and  upon  the  waters  at  n,  it  fol- 
lows that  the  height  of  the  fluid  protuberances  at  z  and  n  are  equal. 
In  other  words,  the  heights  of  the  tides  on  opposite  sides  of  the  earth, 
the  one  being  under  the  moon  and  the  other  most  remote  from  it, 
are  equal. 

It  appears,  therefore,  that  tho  cause  of  the  tides,  so  far  as  the 
action  of  tho  moon  is  concerned,  is  not,  as  is  vulgarly  supposed,  the 
mere  attraction  of  the  moon;  since,  if  that  attraction  were  equal 
on  all  the  component  parts  of  tho  earth,  there  would  assuredly  be 
DO  tides.  We  are  to  look  for  the  cause,  not  in  the  attraction  of  the 
njooD,  but  in  the  inequality  of  its  attraction  on  different  parts  of 
the  earth.     The  greater  this  inequality  is,  the  greater  will  be  tho 


«M#»  •  uururiton.  —  it  will 


bestow  00  these  observatioDs  a  little  reflootior 
have  stated  in  reference  to  the  effects  prodnoed 
the  moon  upon  the  earth,  will  also  be  applicable 
the  sun.     This  is  undoubtedly  true ;  but  in  the 
effects  are  modified  in  some  very  important  resp 
400  times  a  greater  distance  than  the  mooo,  bdi 
of  its  attraction  on  the  earth  would,  on  that  i 
times  less  than  that  of  the  moon ;  but  the  masi 
that  of  the  moon  in  a  much  greater  ratio  than  tb 
It  tlierefore  possesses  a  much  greater  attracting 
its  mass  compared  with  the  moon,  than  it  loset 
tance.     It  exercises,  therefore,  upon  the  earth 
mously  greater  than  the  moon  exercises.     Now,  I 
of  its  attraction  were,  as  is  commonly  supposed 
tides,  the  sun  ought  to  produce  a  vasUy  greater  t 
The  reverse  is,  however,  the  case,  and  the  cause 
,Let  it  be  remembered  that  the  tides  are  due  sole! 
of  the  attraction  on  different  sides  of  the  earth,  a 
inequality  is,  the  greater  will  be  the  tides,  anc 
equality  is,  the  less  will  bo  the  tides. 

In  the  case  of  the  sun,  the  total  distance  is  1! 
the  earth,  and  consequently  the  difference  betweei 
the  one  side  and  the  other  of  the  earth  will  be 
part  of  the  whole  distance,  while  in  the  case  of  i 
distance  being  only  30  diameters  of  the  earth,  th 
tanccs  from  one  side  and  the  other  is  the  30th 
distance.     The  inequality  of  the  attraction,  upor 

not  on  its  Wholft    nmonnf    ♦*»«  -^ — j.._-i:- 
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flame  side  of  the  earth,  or  on  the  opposite  sides  of  the  earth — 
ft  words,  when  it  is  new  or  fall  moon  —  their  effects  in  pro- 
;  tides  are  conihined,  and  the  spring  tide  is  produced,  the 

of  which  is  equal  to  the  solar  and  lunar  tides  taken  together. 
the  other  hand,  when  the  sun  and  moon  are  separated  from 
ther  by  a  distance  of  one  fourth  of  the  heavens,  that  is,  when 
oon  is  in  the  quarters,  the  effect  of  the  solar  tide  has  a  ten- 
to  diminish  that  of  the  lunar  tide. 

tides  prodnced  by  the  combination  of  the  lunar  and  solar  tide 
at  the  time  of  new  and  full  moon  are  called  bprino  tides  ; 
lose  prodnced  by  the  lunar  wave  diminished  by  the  effect  of 
lar  wave  at  the  quarters  are  called  neap  tides. 
9.  Why  the  tides  are  not  produced  directly  under  the  moon. 
physical  effects  followed  immediately,  without  any  appreciable 
al  of  time,  the  operation  of  their  causes,  then  the  tidal  wave 
sed  by  the  moon  wonld  be  on  the  meridian  of  the  earth  directly 
and  opposite  to  that  luminary ;  and  the  same  would  be  true  of 
lar  tides.  But  the  waters  of  the  globe  have,  in  common  with 
aer  matter,  the  property  of  inertia,  and  it  takes  a  certain  in- 

of  time  to  impress  upon  them  a  certain  change  of  position. 
»  it  follows  that  the  tidal  wave  produced  by  the  moon  is  not 
d  immediately  under  that  body,  but  follows  it  at  a  certain  dis- 
In  consequence  of  this,  the  tide  raised  by  the  moon  does  not 
ilaoe  for  two  or  three  hours  after  the  moon  passes  the  meridian  ; 
is  the  action  of  the  sun  is  still  more  feeble,  there  is  a  still 
if  interval  between  the  transit  of  the  sun  and  occurrence  of  the 

tide. 

20-  Priming  and  lagging  of  the  (ides.  —  But  besides  these 
Dstanccs,  the  tide  is  affected  by  other  causes.  It  is  not  to  the 
ftte  effect  of  either  of  these  bodies,  but  to  the  combined  effect 
thy  that  the  effects  are  due ;  and  at  every  period  of  the  month, 
ime  of  actual  high  water  is  either  accelerated  or  retarded  by  the 

In  the  first  and  third  quarters  of  the  moon,  the  solar  tide  is 
raid  of  the  lunar  one ;  and,  consequently,  the  actual  high  water, 
b  is  the  result  of  the  combination  of  the  two  waves,  will  be  to 
restward  of  the  place  it  would  have  if  the  moon  acted  alone, 
the  time  of  high  water  will  therefore  bo  accelerated.  In  the 
id  and  fourth  quarters  the  general  effect  of  the  sun  i^t,  for  a 
ar  reason,  to  produce  a  retardation  in  the  time  of  high  water. 

effect,  produced  by  the  sun  and  moon  combined,  is  what  is 
Donly  called  the  priming  and  lagging  of  the  tides.  The  highest 
ig  tides  occur  when  the  moon  passes  the  meridian  about  an  hour 

the  saw,  for  then  the  maximum  effect  of  the  two  bodies 


j(21.     Researvhet  of  Whewdl  and  Lubbock.  —  The  subject  of 
jdet  has  of  late  years  received  much  attention  from  several  sci- 


pomtfl  coDDectcd  with  these  questions. 

2522.  Viil</ar  and  corrected  establishment, 
of  high  water  at  any  port  in  the  afternoon  of  i 
moon,  is  what  is  usually  called  the  cstabitshmi 
feasor  Whewell  calls  this  the  vulgar  establishi 
corrected  estahlishment  the  mean  of  all  the  intc 
transit  of  half  a  month.     X^is  corrected  est 

anently  the  luni-tidal  interval  corresponding 
le  moon  passes  the  meridian  at  noon  or  midni 

2523.  Diurnal  inequality.  —  The  two  tides  i 
one  another,  or  the  tides  of  the  day  and  nighty 
and  time  of  high  water  at  any  particular  place, 
the  sun  and  moon  from  the  equator.     As  the  v< 
always  tends  to  place  itself  vertically  under  the 
duces  it,  it  is  evident  that  of  two  consecutive  tide 
when  the  moon  is  nearest  the  zenith  or  nadir 
the  other;  and,  consequently,  when  the  moon's 
same  denomination  as  the  latitude  of  the  place, 
responds  to  the  upper  transit  will  bo  greater  tb 
and  vice  versA,  the  difference  being  greatest  whc 
arc  in  opposition,  and  in  opposite  tropics.     Tbif 
NAL  INEQUALITY,  bccause  its  cycle  is  one  day; 
at  different  places,  and  its  laws,  which  appear 
local  circumstances,  are  very  imperfectly  known 

2524.  Local  effects  of  the  land  vjyon  the  tia 
described  the  principal  phenomena  that  would 
earth  a  sphere,  and  covered  entirely  with  a  fluic 
But  the  actual  phenomena  of  the  tides  are  ini 


1      ^-» 
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]j  covered  with  water,  tho  summit  of  the  tide  wave,  being 
governed  by  the  moon,  wonld  everywhere  follow  the  moon's 
at  the  same  interval  of  time,  and  consequently  travel  round 
;h  in  a  little  more  than  twentv-four  hours.  But  the  circum- 
of  the  earth  at  the  equator  being  about  25,000  miles,  the 

of  propagation  would  therefore  be  about  1,000  miles  per 
The  actual  velocity  is,  perhaps,  nowhere  equal  to  this,  and  is 
flTerent  at  dififercnt  places.     In  latitude  60^  south,  where 

no  inteTTuption  from  land  (excepting  the  narrow  promontory 
gonia),  the  tide  wave  will  complete  a  revolution  in  a  lunar 
i  consequently  travel  at  the  rate  of  670  miles  an  hour.  On 
log  Mr.  Whewell's  map  of  cotidal  lines,  it  will  be  seen  that 
at  tide  wave  from  the  Southern  Ocean  travels  from  the  Cape 

1  Hope  to  the  Azores  in  about  twelve  hours,  and  from  the 
to  the  southermofit  part  of  Ireland  in  about  three  hours  more. 
Atlantic,  the  hourly  velocity  in  some  cases  appears  to  be  10^ 
I,  or  Dear  700  miles,  which  is  almost  equal  to  the  velocity  of 
kbrough  the  air.  From  the  south  point  of  Ireland  to  the 
point  of  Scotland,  the  time  is  eight  hours,  and  the  velocity 
L60  miles  an  hour  along  tho  shore.  On  the  eastern  coast  of 
y  and  in  shallow  water,  the  velocity  is  less.     From  Buchan- 

Sunderland  it  is  about  60  miles  an  hour^  from  Scarborough 
•mer,  35  miles;  from  the  North  Foreland  to  London,  SO 

from  London  to  Richmond,  13  miles  an  hour  in  that  part  of 
er.  (Whewell,  PhiL  Trans.  1833  and  1836.)  It  is  scarcely 
iry  to  remind  the  reader  that  the  above  velocities  refer  to  the 
tisaion  of  the  undulation,  and  are  entirely  different  from  the 

2  of  the  current  to  which  the  tide  gives  rise  in  shallow  water. 
p.  Range  of  the  tfdfa.  —  The  difference  of  level  between 
ad  low  water  is  affected  by  various  causes,  but  chiefly  by  the 
iration  of  the  land,  and  is  very  different  at  diiferent  places. 
»p  inbends  of  the  shore,  open  in  the  direction  of  the  tide  wave 
radually  contracting  like  a  funnel,  the  convergence  of  water 
i  a  very  great  increase  of  the  range.  Hence  the  very  high 
in  the  Bristol  Channel,  the  Bay  of  St.  Malo,  and  the  Bay  of 
f,  where  the  tide  is  said  to  rise  sometimes  to  the  height  of  one 
■ed  feet.  Promontories,  under  certain  circumstances,  exert  an 
ita  influeDoe,  and  diminish  the  magnitude  of  the  tide.  The 
red  ranges  are  also  very  anomalous.  At  certain  places  on  the 
•eait  coast  of  Ireland,  the  range  is  not  more  than  three  feet, 
at  a  little  distance  on  each  side  it  becomes  twelve  or  thirteen 
and  it  is  remarkable  that  these  low  tides  occur  directly  opposite 
Iriatol  Channel,  where  (at  Chepstow)  the  difference  between 
and  low  water  amounts  to  sixty  feet.  In  the  middle  of  the 
c  it  amounts  to  only  two  or  three  feet  At  London  Docks, 
wage  nuge  is  about  22  feet;  at  Liverpool;  15  5  feet;  at 

20 


.Mu  j^uuun  xFocJcs,  a  fall  of  oDe-tenth  < 

to  a  rise  in  the  Thames  of  about  seveD-teofhs 
low  barometer,  therefore,  the  tide  may  be  czp 
vice  vertd.     The  tide  is  also  liable  to  be  disti 
John  Lubbock  states  that,  in  the  violent  hui 
1839,  there  was  no  tide  at  Gainsborough,  whic 
up  the  Trent — a  circumstance  unknown  before 
five  miles  up  the  Ouse  from  the  II umber,  the 
and  never  flowed  until  the  river  was  dry  in  sc 
Ostend,  toward  which  the  wind  was  blowing, 
observed.     During  strong  north-wcstcrlj  gales 
water  earlier  in  the  Thames  than  otherwise,  a 
much  water,  while  the  ebb  tide  runs  out  late,  at 
upon  the  gales  abating  and  weather  moderating, 
rise  much  higher,  while  they  also  run  longer 
marked,  and  with  more  velocity  of  current:  noi 
long  or  so  low. 

2528.  The  trade  winds. — The  great  atmosp 
denominated,  from  the  ad>'antagc8  which  navi 
from  them,  as  well  as  other  currents  arising  froi 
aro  produced  by  the  unequal  exposure  of  the 
which  coats  the  terrestrial  globe,  to  the  action 
expansion  and  contraction  that  air,  in  commoi 
bodies,  suffers  from  increase  and  diminution  oj 
tendency  which  lighter  fluids  have  to  rise  throu 
fine,  the  rotation  of  the  earth  upon  its  axis. 

The  regions  in  which  the  trades  prevail  arc 
belts  extending  through  a  certain  limited  numb 
and  Hoiitli  o^  ♦*•-  '*-      ' 
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ixil  equator,  is  vertical  daily  to  different  points  around  the  tro- 
regions,  the  rotation  of  the  earth  bringing  these  points  succcs- 

undor  his  dibk.  The  Hun,  at  noon,  for  places  within  the 
B,  ia  never  so  much  as  23}^  from  the  zenith.  The  intertropical 
from  these  causes .  becomes  much  more  intensely  heated  upon 
"face  than  the  parts  of  either  hemisphere  at  higher  latitudes. 
beat,  reflected  and  radiated  upon  the  incumbent  atmosphere, 
I  it  to  expand  and  become  specifically  lighter,  and  it  ascends 
ike  and  heated  air  do  in  a  chimney.  The  space  it  deserts  is 
bj  colder  and  therefore  heavier  air,  which  rushes  in  from  the 
r  parts  of  either  hemisphere;   while  the  air  thus  displaced, 

by  its  buoyancy  above  its  due  level,  and  unsustained  by  any 
I  prewurc,  flows  down  towards  either  pole,  and,  being  cooled 
coarse  and  rendered  heavier,  it  descends  to  the  surface  of  the 
at  those  upper  latitudes  from  which  the  air  had  been  sucked 
rards  the  line  by  its  previous  ascent. 

xmstant  circulation  and  an  interchange  of  atmosphere  between 
itertropical  and  eztratropical  regions  of  the  earth  would  thus 
place,  the  air  ascending  from  the  intertropical  surface  and 
flowing  towards  the  extratropical  regions,  where  it  descends  to 
irfacc  to  be  again  sucked  towards  the  line. 
t  in  this  view  of  the  effects,  the  rotation  of  the  earth  on  its 
B  not  considered.  In  that  rotation  the  atmosphere  participates. 
air  which  rises  from  the  intertropical  surface  carries  with  it 
slocity  of  that  surfisu^e,  which  is  at  the  rate  of  about  1,000  miles 
»ar  from  west  to  east.  This  velocity  it  retains  to  a  considerable 
it  after  it  has  passed. to  the  higher  latitudes  and  descended  to 
wfaec,  which  moving  with  much  less  velocity  from  west  to 
flerc  is  an  effective  current  produced  in  that  direction  equiva- 
A  the  excess  of  the  eastward  motion  of  the  air  over  the  eastward 
la  of  the  surface  of  the  earth.  Hence  arises  the  prevalent 
rard  winds,  especially  at  sea,  where  causes  of  local  disturbance 
lOt  frequent,  which  are  so  familiar,  and  one  of  the  effects  of 
ti  has  been,  that,  while  the  average  length  of  the  trip  of  good 
ig  veBsels  from  New  York  to  Liverpool  has  been  only  twenty  * 
,  that  of  the  trip  from  Liverpool  to  New  York  has  been  thirty- 
lays. 

f  the  friction  of  the  earth  and  other  causes,  the  air,  however, 
the  surface,  at  length  acquires  a  common  velocity  with  it,  and 
I  it  is,  as  above  described,  sucked  towards  the  line  to  fill  the 
am  produced  by  the  air  drawn  upwards  by  the  solar  heat,  it 
BS  with  it  the  motion  from  west  to  east  which  it  had,  in  common 

the  surfiiuse,  at  the  higher  latitudes.  But  the  surface  at  the 
has  a  much  greater  velocity  than  this  from  west  to  east.  The 
tce,  therefore,  and  all  objects  upon  it,  are  carried  against  the 
rith  the  relative  velocity  of  the  surface  and  the  air,  that  b  to 


ASTBOSOMT. 

nd  Ihe  objects  np^n  It,  »re  carried  eastwud  at  a  much 
le  ihan  iLe  air  which  has  jusi  descended  from  the  higher 
they  will  strike  against  the  air  with  a  force  proportionil  to 
nee  nf  their  velocities,  and  th'u- force  trill  have  a  direcUw 
o  that  of  tbe  motion  of  the  snrfaee,  that  is  to  nj,  from 

St. 

must  be  considered  that  this  eastward  force,  dne  to  (bs 

tbe  northern  hemisphere,  the  force  easttrard  is  comliiad 
motion  of  tbe  air  from   Dortb  to  south,  and  tbo  resalUM 
forces  is  that  nortb-east  current  which  actually  prenillj 
like  reasons,  south  of  the  line,  the  motion  of  the  air  fnn 

-ca^Iern  current  irhich  prevails  south  of  the  line. 

i/cn/y  transferred  from  beyond  the  tropics  to  the  equator, 
■ence  of  the  rotary  velocities  proper  to  the  two  situatioai 

so  grent,  as  to  produce,  not  merely  a  wind,  but  a  tempeit 
IS t  destructive  violence;  and   the  same  observation  wooM 

TH£  SUN.  2d8 


CHAP.  XI 

THE  SUN. 

2529.  Apparent  and  real  magnitude.  —  Owing  to  the  ellipticity 
of  the  earth's  orbit,  the  distance  of  the  sun  is  subject  to  a  periodical 
wiation,  which  causes,  as  has  been  already  explained,  a  corre- 
■pondiDg  variation  in  its  apparent  magnitude.  Its  greatest  apparent 
t&meter,  when  in  perihelion,  is  32'  35"G,  or  1955"-6,  and  its  least 
■pparent  magnitude,  when  in  aphelion,  is  81'  30",  or  1890".  Its 
laetn  apparent  diameter  is  therefore  1023''. 

It  has  been  already  (2457)  shown  that  the  linear  value  of  1"  at 
the  sun's  distance  is  466  miles.  It  follows,  therefore,  that  the  ac- 
tnal  length  of  the  diameter  of  the  globe  of  the  sun  is 

1923  X  466  =  896,118  miles. 

The  real  magnitude  of  the  sun  may  also  bo  easily  inferred  in 
iwnd  nnmbere  from  that  of  the  moon.  The  apparent  diameter  of 
As  mooQ  being  equal  in  round  numbers  to  that  of  the  sun,  and  the 
Nuance  of  the  sun  being  400  times  greater  than  that  of  the  moon, 
it  follows  that  the  real  diameter  of  the  sun  must  be  400  times 
greater  than  that  of  the  moon.     It  must,  therefore,  be 

?  2153  X  400  =  861,200  miles. 

B^-aaihods  of  calculation  snsceptible  of  closer  approximation  than 
^hm^gji  has  been  found  that  the  magnitude  is  882,000  miles,  or 
111-Jx  times  the  diameter  of  the  earth. 

2ooO.  Magnitude  of  the  sun  illustrated. — Magnitudes  such  as 
that  of  the  sun  so  fur  transcend  all  standards  with  which  the  mind 
is  fiuniliar,  that  some  stretch  of  imagination,  and  some  effort  of  the 
nnderji  tan  ding,  are  necessary  to  form  a  conception,  however  inijier- 
feet,  of  them.  The  ex[)cdi(^nt  which  best  scrvi^s  to  obtain  some 
adequate  idea  of  thorn  is,  to  compare  them  widi  Rome  staiulnrd, 
rtupeDdf>us  by  comparison  with  all  ordinary  magnitudes,  yet  minute 
when  compared  with  them. 

The  earth  itst-lf  is  a  glob^  8000  miles  in  diamotor.'  If  the  snn 
be  represented  by  a  globe  nine  foet  four  inches  iu  diameter,  the 
earth  would  be  represented  by  a  glubu  an  inch  in  diameter.  If  the 
orbit  of  Uie  luoon,  which  nua-sures  474,000  miles  iu  diameter,  were 
filled  by  a  sun,  such  a  sun  might  bo  placed  within  the  actual  sun, 
leaving  between  their  surfaces  a  distance  of  200,000  miles.  Such 
a  BuUy  seen  from  the  earth,  would  have  an  apparent  diameter  little 
more  than  half  the  diameter  of  the  actual  sun. 

20* 


^  .    ,  .».*«  giuuc  wouia  still  not 

'*«^th  part  the  globe  of  the  Bun  :  in  other  v 
'  m  is  five  hundred  tiroes  greater  than  the  agg 
rest  of  the  bodies  of  the  8ysteni. 

2532.  lis  mass  and  dcnsifj/,  —  By  metho< 
observation,  which  will  be  explained  hereafter, 
of  matter  composing  the  globe  of  the  sun,  tc 
composing  the  earth,  has  been  ascertained  to  b 

By  comparing  this  proportion  of  the  qua 
matter  in  the  sun  and  earth  with  their  relati\ 
evident  that  the  mean  density  of  the  mattei 
must  be  about  four  times  less  than  the  mean  d 
composing  the  earth  ;  for  although  the  volume 
that  of  the  earth  in  the  ratio  of  1,400,000  to  1 
exceeds  that  of  the  earth  in  the  lesser  ratio  o 
latter  ratio  being  four  times  less  than  the  form 
therefore,  the  sun  is  four  times  ligl  ter  than  the 

Since  the  mean  density  of  the  earth  is  5*67 
(2393),  it  follows  that  the  mean  density  of  the 
about  one  half,  greater  than  that  of  water. 

From  the  comparative  lightness  of  the  mattei 
schel  infers  the  probability  that  an  intense  heat 
rior,  by  which  its  elasticity  is  reinforced,  and  i 
resisting  the  almost  iDconceivable  pressure  due  i 
tation,  without  cuUapeiug  into  sumller  dimeusiox 

2533.  Ihrni  am?  rt)fatio?i  —  ajri'x  of  rntat\ 
minds  unaccustomed  to  the  rignur  of  scientific  rt 
pear  sufficientlv  evident.   uifi»r»ii#  r...-.L  _    ^ 


THB  SUN.  285 

ore,  then,  that  a  hodj  is  globalar,  something  more  is  necessary 
an  the  mere  fact  that  it  always  appears  circular. 

When  a  telescope  is  directed  to  the  snn,  we  discover  upon  it  cer- 
io  marks  or  spots,  of  which  we  shall  speak  more  fully  presently. 
^e  observe  that  these  marks,  while  they  preserve  the  same  relative 
»sition  with  respect  to  each  other,  move  regularly  from  one  side  of 
e  son  to  the  other.  They  disappear,  and  continue  to  be  invisible 
r  a  certain  time,  come  into  view  again  on  the  other  side,  and  so 
ise  more  pass  over  the  sun's  disk.  This  is  an  effect  which  would 
idently  be  produced  by  marks  on  the  surface  of  a  globe,  the  ghh 
ielf  revolving  on  an  axis,  and  carrying  these  marks  upon  it  Thi 
is  is  the  case,  is  abundantly  proved  by  the  fact  that  the  periods  of 
tation  for  all  these  marks  are  found  to  be  exactly  the  same,  viz., 
oat  twenty-five  days  and  a  quarter,  or  more  exactly  25'*'  1^-  48*°-. 
leh  IS,  then,  the  time  of  rotation  of  the  sun  upon  its  axis,  and 
at  it  is  a  globe  remains  no  longer  doubtful,  since  a  globe  is  the 
ily  body  which,  while  it  revolves  with  a  motion  of  rotation,  would 
vays  present  the  circular  appearance  to  the  eye.  The  axis  on 
bieh  the  sun  revolves  is  very  nearly  perpendicular  to  the  plane  of 
e  earth's  orbit,  and  the  motion  of  rotation  is  in  the  same  direction 
the  motion 'of  the  planets  round  the  sun,  that  is  to  say,  from  west 

C534.  Spots.  —  One  of  the  earliest  fruits  of  the  invention  of  the 
lescope  was  the  discovery  of  the  spots  upon  the  sun ;  and  the  ex- 
linatiob  of  these  has  ffraduAliy  led  to  some  knowledge  of  the 
lyiical  constitution  of  Uie  jCentre  of  attraction  and  the  common 
iBtain  of  light  and  heat  of  our  system. 

Vlen  we  submit  a  solar -spot  to  telescopic  examination,  we  dis- 
TOritfl  appearance  to  be  that  of  an  intensely  black  irregularly 
■ped  patch,  edged  with  a  penumbnil  fringe.  When  watched  for 
Booaiderable  time,  it  is  found  to  undergo  a  gradual  change  in  its 
rm  and  magnitude;  at  first  increasing  gradually  in  size,  until  it 
laina  some  definite  limit  of  magnitude,  whan  it  ceases  to  increase, 
id  toon  begins,  on  the  contrary,  to  diminish ;  and  its  diminution 
MS  on  gradually,  until  at  length,  the  bright  sides  closing  in  upon 
tt  dark  patch,  it  dwindles  first  to  a  mere  point,  and  finally  disap- 
lan  altogether.  The  period  which  elapses  between  the  formation 
'  the  spot,  its  gradual  enlargement,  subsequent  diminution,  and 
lal  disappearance,  is  very  various.  Some  spots  appear  and  disap- 
!tr  very  rapidly,  while  others  have  lasted  for  weeks  and  even  for 
imths. 

The  magnitnde  of  the  spots,  and  the  velocities  with  which  tbo 
latter  composing  their  edges  and  fringes  moves,  as  they  increase 
id  deereue,  are  on  a  scale  proportionate  to  the  dimensioos  of  tbo 
rb  of  die  enn  itself.    When  it  is  considered  that  a  space  upon  the 


tbe  apparent  breadth  of  which  was  90",  was 
cIopc  in  about  40  dajs.     Now,  the  actual  line 
a  spot  must  have  been 

4CG  X  00  =  41,040  miU 

and  consequently,  the  average  daily  motion  of 
its  edges  must  have  been  1050  miles,  a  velc 
miles  an  hour. 

2535.   0*1  use  of  the  sjwts — physical  state 
Two,  and  only  two,  suppositions  have  been  pro 
spots.     One  supposes  them  to  be  scoriae,  or  d 
bustiblc  matter^  floating  on  the  general  surfat 
other  supposes  them  to  be  excavations  in  the  li 
coats  the  sun,  the  dark  part  of  the  spot  being 
non-luminous  nucleus  of  the  sun.     In  this  la 
assumed  that  the  sun  is  a  solid  non-I  am  incus  § 
coating  of  a  certain  thickness  of  luminous  matt 

That  the  spots  are  excavations,  and  not  kuere 
surface,  is  proved  by  the  following  observations 
which  is  at  the  centre  of  the  sun's  disk,  having 
such  as  that  of  a  circle,  and  watch  its  chunges  < 
by  the  rotation  of  the  sun,  it  is  carried  toward 
first,  that  the  circle  becomes  an  oval.  This,  ho* 
be  expected,  even  if  the  spot  were  a  circular  p 
circle  seen  obliqucl}'  is  foreshortened  into  an 
that  as  the  spot  moves  toward  the  .side  of  the  si 
patch  gradually  disappears,  the  pouumbral  frin^ 
the  spot  becomes  inviHiM»»  wi-'^-  ** 
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iur&ce  of  the  inner  shelving  side  also  taking  the  direction  of 
ne  of  vision  or  Terj  nearly,  diminishes  in  apparent  breadth, 
cases  to  be  visible,  while  the  surface  of  the  shelving  side  next 
ige  of  the  sun  becoming  nearly  perpendicular  to  the  line  of 
I,  appears  of  its  full  breadth. 

shorty  all  the  variations  of  appearance  which  the  spots  undergo, 
cy  are  carried  round  by  the  rotation  of  the  sun,  changing 
diistauces  and  positions  with  regard  to  the  sun's  centre,  are 
ly  Buch  as  would  be  produced  by  an  excavation,  and  not  at  all 
ma  a  dark  patch  on  the  solar  surface  would  undergo. 
36.  Sun  invested  by  two  atmospheres^  one  luminous  and  the 
non- luminous.  —  It  may  be  considered,  then,  as  proved,  that 
pots  on  the  sun  are  excavations ;  and  that  the  apparent  black- 
is  produced  by  the  fact,  that  the  part  constituting  the  dark 
m  of  the  spot  is  either  a  surface  totally  destitute  of  light,  or 
•mparison  so  much  less  luminous  than  the  general  surface  of 
UQ  as  to  appear  black.  This  fact,  combined  with  the  appear- 
of  the  penumbral  edges  of  the  spots,  has  led  to  the  sapposi- 
advanced  by  Sir  W.  Herschel,  which  appears  scarcely  to  admit 
>ubty  that  the  solid,  opaque  nucleus,  or  globe  of  the  sun,  is 
led  with  at  least  two  atmospheres ;  that  which  is  next  the  sun 
I,  like  onr  own,  non-luminous,  and  the  superior  one  being  that 
i  in  which  light  and  heat  are  evolved ;  at  all  events,  whether 
I  Btrata  be  in  the  gaseous  state  or  not,  the  existence  of  two 
,  one  placed  above  the  other,  the  superior  one  being  luminous, 
s  to  be  exempt  from  doubt. 

»37.  Spots  may  not  heikack,  — We  are  not  warranted  in  as- 
S^  that  the  black  pwlion  of  the  spots  arc  surfaces  really 
}gfA.  of  light,  for  the  uiQat  intense  artificial  lights  which  can  be 
uoed|  such,  for  example,  as  that  of  a  piece  of  quick-lime  ex- 
i  to  the  action  of  the  compound  blow-pipe,  when  seen  projected 
he  sun's  disk,  appear  as  dark  as  the  spots  themselves ;  an  effect 
ih  must  be  ascribed  to  the  infinitely  superior  splendour  of  the 
8  light  All  that  can  be  legitimately  inferred  respecting  the 
I,  then,  IB,  not  that  they  are  destitute  of  light,  but  that  they 
iDOonparnbly  less  brilliant  than  the  general  surface  of  the  sun. 
&38.  Spots  variable. — The  prevalence  of  spots  on  the  sun's 
.  is  both  variable  and  irregular.  Sometimes  the  disk  will  bo 
pletelj  divested  of  them,  and  will  continue  so  for  weeks  or 
iths;  sometimes  they  will  be  spread  over  certain  parts  of  it  in 
losion.  Sometimes  the  spots  will  be  small,  but  numerous; 
etimes  individual  spots  will  appear  of  vast  extent ;  sometimes 
f  will  be  manifested  in  groups,  the  penumbrse  or  fringes  being  in 
tact. 

Ii0  dozatioQ  of  each  spot  is  also  subject  to  great  and  irregular 
iaticm.     A  spot  has  appeared  and  vanished  in  less  than  twenty- 


-lu  uioaentely  bro«d  ■odm  pan 

septnted  from  it  bj  ■  spooe  NTeral  degi 
M|iutor  iticlf,  and  this  eptco  which  thus 
■ones,  are  abgolutcl;  divcsud  of  Buch  pheac 
Thus,  for  example,  in.  the  latter  part  of  1 
of  18S7,  when  a  large  number  of  'spota  1 
poutioo  was  such  as  ii  represented  iajig.  73: 


iPOBUCiiBKASVl 


"s.-^ 


S?'^... 

^K/'" 

m. 
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•nbjwt,  are  M.  Capocci,  of  Naples,  Dr.  Pastorffy  of  Frankfort  (on 
the  Oder),  and  Sir  John  Hcrschel. 

31.  Capocci  made  a  scries  of  observations  on  the  spots  which 
were  develoi)ed  on  the  sun's  disk  in  1826,  when  he  recognised  most 
of  the  characters  above  described.     He  observed  that,  during  the 
increase  of  the  spot  from  its  first  appearance  as  a  dark  point,  tho 
edges  were  sharply  defined,  without  any  indication  of  the  gradually 
&ding  away  of  the  fringes  into  the  dark  central  spot,  or  into  each 
other ;  a  character  which  was  again  observed  by  Sir  J.  Hcrschel,  in 
1837.     He  found,  however,  that  tho  same  character  was  not  main- 
tained when  the  sides  began  to  contract  and  the  spots  to  diminish  : 
daring  that  process  the  edges  were   less  strongly  defined,  being 
apparently  covered  by  a  sort  of  luminous  atmosphere,  which  often 
extended  so  completely  across  the  dark  nucleus  as  to  throw  a  thin 
thread  of  light  across  it,  after  which  the  spot  soon  filled  up  and 
disappeared.     Capocci  concurs  with  Sir  W.  Herschel  in  regarding 
the  internal  fringes  surrounding  the  dark  nucleus  as  the  section  of 
the  inferior  stratum  of  the  atmosphere  which  forms  the  coating  of 
the  aao ;  he  nevertheless  thinks  that  there  are  indications  of  solid 
*  gmwtU  aa  gaseous  luminous  matter. 
^..-C^poebialso  observed  veins  of  more  intensely  luminous  matter 
m  the  fringes  converging  toifpdf.  the  nucleus  of  the  spot,  which  ho 
f:iPBipare%to  the  structure  of  tbd,iria  stiAonnding  the  pupil  of  the 

I  The  drdimgs  ol^'ikfae  BfoU  elfNtofed  by  M.  Capocci,  given  in 
Plate  v.,  lUil  illustrate  ihese  obaefiMMions.  It  is  to  be  regretted, 
however,  that  he  has  n(f(^pva»  any  mjasurcs,  either  in  his  memoirs 
flr  upon  his  drawings,  h|Llffitth  the  position  or  magnitude  of  the 
qwta  can  be  determineoF    ■  .^ 

2541.  Observations  and  dratcinfjs  of  Dr.  Pastorff,  in  182(^.  — 
Dr.  Pastorff  commenced  his  course  of  solar  observations  as  early  as 
1810.  He  observed  the  spots  which  appeared  in  1826,  of  which 
Le  published  a  series  of  drawings,  from  which  we  have  selected 
those  given  in  Plate  VI.,  from  observations  made  in  September  and 
October,  contemporaneously  with  those  of  M.  Capocci.  Pastorff 
gives  the  position  of  all,  and  the  dimensions  of  the  principal  spots. 
The  numbcra  on  the  horisontal  and  vertical  lines  express  the  appa- 
rent distances  of  the  spots  severally  from  the  limb  of  the  sun  in 
each  direction.  The  actual  dimensions  may  be  estimated  by  observ- 
ing that  1"  measured  at  right  angles  to  the  visual  ray  represents 
466  miles. 

2542.  Observations  and  drawinr/s  of  Pastorff,  in  1828. — In 
May  and  June,  1828,  a  profusion  of  spots  were  developed,  which 
were  observed  and  delineated  by  Pastorff  with  the  most  elaborate 
accaracy. 

In  Plate  VII.^  Jiy,  1  represents   the  positions  of  the  spots  as 


they  wffmni -tmihft  dU  of  tlw  hb  an  ft*  S4fr«CJIn*M 
A.1I.,  mi  Jiff*.  2,8,  4,  lad  6,  icprnMot  Av  Anpi  MiHWiMqfc 
The  letten  A,  B,  c,  D,  in  ^.  1,  atc  tha  psnlions  of  tM-^ife 
mirkMl  by  iho  wne  lettota  ia;^  8,  ^4,  aad  &  ^-^ 

The  dimennons  of  the  priodpili  epot  <^  Ike  group  A  vfljt-lt^ 

Gndons ;  mensured  ia  a  plkne  k(  i^t  angle*  to-tbe  vimal  lin^iitK 
igth  ma  406  X  100  =  46,600  naM,  tod  the  tmodth  466  X# 
=  27,960  niileB.  .4< 

Hie  eppeient  bnedlb  of  the  Ueek  bottOM  cf  the  y>***-ft 


ne  eppereu  onwui  oi  ido  Diees  doromi  «  ise  ^w  vasifK. 
whieh  oomeponda  to  aa  Mtnal  bnodtli  nt  <4eQ  x  40<Blfl|l!|p 
miles.    So  that  the  i^M»  ot  tha  eartk  might  pua  thna^-«igi*  < 
bol^  learing  a  diataooe  of  npwuda  of  6000  wW  hoimaaaJHifm 
ftee  and  th«  edges  of  the  ohaam.  ■ .  S 


Tha  snperfloul  diineiuioDS  of  tbs  nvaral  gmiM  of  spots  li^dUk 
-    — ■     -"        T.,iiidadiiigtb»AiSfc| 


on  the  son  OD  the  24th  of  Hay,  at  10  A.  N., 
vde^  wen  calonlatad  to  be  as  fbllom 


.. __».  'j::8.0(Ki.ooo 

..,„..,. ..,.  To'i.OOO.ODO 

Group  B :. „ _ „_. „r  21H!.(mMil 

GronpC „ -JX-,!)!*®^' 

Qn^D M !.  SIM.im.OM''    ' 

Total  Bna^ ..: .-.-.    S,496,^.00i>  . 

Thus  it  appeaTB  that  As  prikapal  spot  (j^^e  group  a  covcren* 
space  equal  to  little  teas  tha-  %e  titnea  tH^ntire  eor&ce  of  tk 
earth;  and  the  total  area-4b0bpie(L4nij,alr-tCe  epota  coUcvDveAf 
amouDted  to  more  than  twelve  tinWtbif  aDrfaee. 

On  the  dajs  saooeediog  the  24th1%,ttu,  all  the  spots  wenj^ 
aeired  to  change  their  form  and  magoitHI  from  day  to%ij.    Th 

rt  ipoc  of  the  gronp  a,  whioh  even  when  so  do»e  to  the  Gnb  <if 
sun  aa  6",  or  a  sixth  of  the  apparent  diameter,  etill  measan) 
80"  by  40",  was  especially  rapid  in  ita  variation.  Its  shelving  ntK 
as  vdl  M  its  dark  bottom,  were  oonstantly  varied,  «ad  IniaiiMl 
elonds  were  aeen  floating  over  the  latter. 

After  tha  diaappeantDce  of  tbia  large  spot,  and  several  of  Ai 
lesser  onoa  of  the  other  gronpa,  a  new  spot  of  eonBiderable  tnan»' 
tnde  made  its  appearanM  on  the  13lh  of  Jnne,  at  the  eastern  edf^ 
of  the  dieli,  which  gradually  inoreased  in  magnitude  for  eight  dwi- 
On  the  2lBt  of  Jnne,  at  htdf-past  9  in  the  moming,  tho  disk  of  •■ 
mn  exhibited  the  apota  whose  poaition  ia  rapreoented  in  Jtff.  flyHw 
VII,  and  whose  forms  and  magnitudes  an  indieated  ia^figt.  7,  tfll 
•ad  10. 

The  ohief  apot  of  the  group  A  waa  nearly  dniili 
64"  in  apparent  diameter,  the  diameter  of  its  dark  base  bdi 
80",  which,  without  allowing  for  projeotion,  represent  uctual 
0(466x01-30^34  milM,  and  466  X  80  =  13,980     ' 


DO  mv^BM 
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Der  being  above  3^  times,  and  the  latter  nearlj  1)  times  the 

til's  diameter.    The  process  of  formation  of  this  spot,  surrouDdcd 

Inminous  cloads,  was  clearly  seen.     The  shelving  sides  were 

rersed  by  luminous  ravines  or  rills,  converging  towai^  the  centre 

tfae  black  nucleus,  and  exhibiUng  the  appearance  which  Capocci 

ipared  to  the  structure  of  the  iris.   . 

Ja  the  aame  dav  (the  2l8t),  another  large  spot,  B.fig,  8,  appeared, 

idi  measured  60'^  by  4(X'. 

i^Mtarff  rejects  the  supposition  that  these  spots  were  the  mere  re- 

leurmiices  of  those  which  had  been  observed  on  the  24th  of  May, 

Be  thej  differed  essentially  in  their  form,  and  still  more  in  their 

2543.  Ohwervattons  of  Sir  J.  Benchel  in  1837.  — Sir  J.  Her- 
d,  at  the  Cape  of  Good  Hope,  in  1837,  observed  the  spots  which 
that  time  appeared  upon  the  sun,  and  has  given  various  drawings 
them  in  bis  Cape  Observations.  These  diagrams  do  not  differ  in 
f  respect  in  their  general  character  from  those  of  Capocci  and 
stoi4'.  Sir  J.  Hcrschel  recognised  on  this  occasion  the  striated 
radiated  appearance  in  the  fringes  already  noticed  by  Capocci  and 
■tdrfll  He  thinks  that  this  structure  is  intimately  connected  with 
s  BhynBal  agency  by  which  the  spots  are  produced. 
S544.  JBcwndary  of  frint/et  lUntinctly  defined.  —  It  is  observed 
k^ir  J.  Herschel,  that  one  of  the  most  universal  and  striking 
aritaiers  of  the  solar  spots  is,  that  the  pcnumbral  fringe  and  black 
oi  are  diadnctly  defined,  and  do  not  melt  gradually  one  into  the 
her.  The  #pots  are  intensely  black,  and  the  penumbral  fringe  of 
perfectly  uniform  degree  Vf  shade.  In  some  cases  there  are  two 
fHwes  of  fringe,  one  lighter  than  the  other;  but  in  that  case  no 
ilenniatil^  or  gradual  Ming  away  of  one  into  the  other  is  appa- 
mt.  "The  idea  conveyed,"  observes  Sir  J.  Herschel,  ''is  more 
bat  of  the  successive  withdrawal  of  veils, — the  partial  removal  of 
sfiaite  films, — than  the  melting  away  of  a  mist  or  the  mutual  dilu- 
ioB  of  gaseous  media."  This  absence  of  all  graduation,  this 
harply  marked  suddenness  of  transition,  is,  as  Sir  J.  Herschel  also 
lotiecs,  entirely  opposed  to  the  idea  of  the  easy  miscibility  of  the 
MiSm^a^  non-luminous,  and  semi-luminous  constituents  of  Uie  solar 
avelope. 

2545.  Sciar  ffumUi  and  luades. — Independently  of  the  dark 
ipQiB  just  described,  the  luminous  part  of  the  solar  disk  is  not  uni- 
farmly  bright.  It  presents  a  mottled  appearance,  which  may  bo 
Donpared  to  that  which  wpuld  be  presented  by  the  undulated  and 
igitated  surface  of  an  ocean  of  liquid  fire,  or  to  a  stratum  of  lumi- 
nooa  clouds  of  varying  depth  and  having  an  unequal  surface,  or  the 

rLiance  produced  by  the  slow  subsidence  of  some  flocculent 
ioal  precipitates  in  a  transparent  fluid,  when  looked  at  perpen- 
dicularly from  above.    In  the  space  immediately  around  the  edges 
HI.  21 


..J  ^.  ^.uujcciure  or  hvpothe^iji,  tli 
inmiDons  matter  which  coats  the  globe  of 
solid,  liquid,  or  gaseous. 

That  it  is  not  solid  is  admitted  to  l«  p; 
extraordinary  mobility,  as  indicated  by  tb 
edges  of  the  spots  in  closing ;  and  it  is  co 
pable  of  moving  at  the  rate  of  44  miles  per  \ 
to  bo  liquid,  an  clastic  fluid  ainne  admitting 

2547.  TeU  ftf  thU  pri»poi'tl  h*f  An.i'jo.  • 
suggested  a  physical  teat,  by  which  it  appear 
luminous  matter  must  be  traseous;  in  short 
invested  with  an  ocean  of  flame,  since  flame 
aeriform  fluid  in  a  state  of  incauJc.^icence  ^1 
posed  is  based  upon  the  projicrtit's  nf  polarise 

It  has  been  proved  that  the  light  emitted 
body  in  the  liquid  or  solid  stale,  issuing  in  i 
to  the  surface,  even  when  the  body  emitting 
polished,  presents  evident  marks  of  polarisatioc 
when  viewed  through  a  polariscopic  telescope 
ages  in  complementary  colours  (1'JOO).  But, 
signs  of  polarisation  arc  discoverable,  howcvc 
direction  in  which  the  rays  are  emitted,  if  tfa 
flame. 

2548.  lu  rexvit — The  light  proceeding  fro 
has  been  accordingly  submitted  to  this  test, 
from  its  borders  evidently  issue  in  a  direction 
to  the  surface;  and  therefore,  under  the  cond 
to  polarisation,  if  the  luminous  matter  wor<^ 
the  bordpre  a^  **•-  ' 
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obUqnitj;  tnd,  oonseqaently,  that  the  laminonv 
where  gaseooB. 

un  probahfy  invested  vnth  a  double  gasfoia  coating, 
lomeDm  which  have  been  here  dc»;ribedy  and  others 
9  compel  us  to  omit^  are  considered  as  giving  a  high 
cal  probability  to  the  hypothesis  of  Sir  W.  Herscbei 
in  which  the  sun  is  considered  to  bo  a  solid,  opaque, 
^lobe,  invested  by  two  concentric  strata  of  gaseous 
}ty  or  that  which  rests  immediately  on  the  surface, 
DOQSy  and  the  other,  which  floats  upon  the  former, 
I  gas  or  flame.     The  relation  and  arrangement  of 

strata  may  be  illustrated  by  our  own  atmosphere, 
a  it  a  stratum  of  clouds.  If  such  clouds  were  flame, 
f  our  atmosphere  would  represent  the  two  strata  on 

this  hypothesis  are  explained  by  occasional  openings 
ts  stratum  by  which  parts  of  the  opaque  and  non- 
ce of  the  solid  globe  are  disclosed.  These  partial 
be  compared  to  the  openings  in  the  clouds  of  our 
bhc  firmament  is  rendered  partially  visible. 
b  diameter  of  the  sun  is  not,  therefore,  the  diameter 
»be,  but  that  of  the  globe  bounded  by  the  surface  of 

luminous  atmosphere;  and  this  circumstance  may 
it  upon  the  small  computed  mean  density  of  the  sun, 
3g  the  high  degree  of  ^refaction  which  must  be  sup- 
tcrise  these  atmospheric  strata,  and  especially  the  su- 
density  of  the  aolid  globe  will  necessarily  be  much 
hie  than  tHe-  mean  density  of  the  volume  in  which 
atter  b  included. 

rd  gaseous  atmosphere  probable,  —  Many  circum- 
indications  of  the  existence  of  a  gaseous  atmosphere 
above  the  luminous  matter  which  forms  the  visible 
run.  It  is  observed  that  the  brightness  of  the  solar 
diminished  towards  its  borders.  This  eflect  would 
it  were  surrounded  by  an  imperfectly  transparent  at- 
*reas  if  no  such  gaseous  medium  surrounded  it,  the 

an  eficct  might  be  expected,  since  then  the  thickness 
B  coating  measured  in  the  direction  of  the  visual  ray 
sased  very  rapidly  in  proceeding  from  the  centre 
;ea.  This  gradual  diminution  of  brightness  in  pro- 
I  the  borders  of  the  solar  disk  has  been  noticed  by 
ers ;  but  it  was  most  clearly  manifested  in  the  series 
made  by  Sir  J.  Herscbei  in  1837,  so  conclusively, 
Ave  no  doubt  whatever  of  its  reality  on  the  mind  of 
Memer.     By  projecting  the  imago  of  the  sun's  disk 

by  means  of  a  good  achromatic  telescope;  thia  di- 


^0,^1  tt  nypotneM  io  t 

'ibe  immediate  cause  of  the  spots  being 
ruptures  of  contiDuitj  in  the  ocean  of  lui 
the  visible  surface  of  the  solar  globe,  it  i 
physical  agency  can  be  imagined  to  produt 
on  a  scale  so  vast  aS  that  which  the  chang 
spots  indicate. 

The  regions  of  the  spots  being  two  zon 
equator,  manifests  a  connection  between  thi 
sun's  rotation.     The  like  regions  on  the  eai 
the  trade-winds  and  anti-trades,  and  of  hum 
spouts,  and  other  violent  atmospheric  disturb 
the  same  regions  are  marked  by  belts,  appc.ii 
by  analogy  to  the  same  physical  causes  as  th 
trades  and  other  atmospheric  perturbations  pi 
and  ultra-tropical  zones.     Analogy,  therefore 
whether  any  physical  agencies  cau  exiHt  upt 
those  which  produce  these  phenomena  on  the 

So  far  as  relates  to  the  earth  it  is  certain,  a 
the  planets  probable,  that  the  immediate  p 
phenomena  is  the  inequality  of  the  exposure 
to  solar  radiation,  and  the  conscciuent  ine< 
produced  in  different  atmospheric  zones,  eithc: 
fleeted  calorific  rays  of  the  sun,  combined  wit 
(2528).  But  since  the  sun  is  itself  the  com 
supplying  to  all,  and  receiving  from  none,  i 
prevail  upon  it.  It  remains,  therefore,  to  con 
of  the  physical  principles  which  arc  in  opcral 
irrespective  of  anv  othAi-  k^j: 


THE  SUX.  245 

iDiform  teiapenture  must  be  everywhere  maintained.  But  if,  from 
nj  ]ncal  cnuse,  the  radiation  be  more  obstructed  in  some  regions 
ban  in  others,  heat  will  accumulate  in  the  former,  and  the  loc^l 
poiporaturc  will  be  more  elevated  there  than  where  the  radiation  is 
»nre  free. 

But  the  only  obstruction  to  free  radiation  from  the  sun  must  arise 
■om  the  atmosphere  with  which  to  an  height  bo  enormous  it  is  sur- 
nandcMi.  If,  however,  this  atmosphere  have  everywhere  the  same 
oght  and  the  same  density,  it  will  present  the  same  obstruction  to 
idiatioD  ;  and  the  effective  radiation  which  takes  place  through  it, 
boagfa  more  feeble  than  that  which  would  be  produced  in  its  ab- 
y  is  still  uniform. 

Bat  siDce  the  sun  has  a  motion  of  rotation  on  its  axis  in 
7^  48"-,  its  atmosphere,  like  that  of  the  earth,  must  participate 
D  that  root  ion  and  the  effects  of  centrifugal  force  upon  matter  so 
Bobile :  the  equatorial  lone  being  carried  round  with  a  velocity 
peater  than  300  miles  per  second,  while  the  polar  lones  are  moved 
It  a  rate  indefinitely  slower,  all  the  effects  to  which  the  spheroidal 
Ebcm  of  the  earth  is  due  will  affect  this  fluid  with  an  energy  pro- 
le to  its  tenuity  and  mobility,  the  consequence  of  which 
lie.  that  it  will  assume  the  form  of  an  oblate  spheroid,  whose 
will  be  that  of  the  sun's  rotation.  It  will  flow  from  the  poles 
1^  the  equator,  and  its  height  over  the  zones  contiguous  to  the 
S^iator  vill  bo  greater  than  over  those  contiguous  to  the  poles, 
'         degree  proportionate  to  the  ellipticity   of    the  atmospheric 


Now,  if  this  reasoning  be  admitted,  it  will  follow  that  the  ob- 
itraction  to  radiation  prcSuced  by  the  solar  atmosphere  is  greatest 
oier  the«equator,  and  gradually  decreases  in  proceeding  to^vards 
cither  pole.  The  accumulation  of  heat,  and  consequent  elevation 
of  temperature,  is,  therefore,  greatest  at  the  equator,  and  gradually 
decreases  towards  the  poles,  exactly  as  happens  on  the  earth  from 
other  and  different  physical  causes. 

The  effects  of  this  inequality  of  temperature,  combined  with  the 
fotation,  upon  the  solar  atmosphere,  will  of  course  be  similar  in 
their  general  character,  and  different  only  in  degree  from  the  phe- 
nomena produced  by  the  like  cause  on  the  earth.  Inferior  currents 
will,  as  upon  the  earth,  prevail  towards  the  equator,  and  superior 
ooanter-currentA  towards  the  poles  (2528).  The  spots  of  the  sun 
would,  therefore,  be  assimilated  to  those  tropical  regions  of  the  earth 
in  which,  for  the  moment,  hurricanes  and  tornadoes  prevail,  the 
upper  stratum  which  has  come  from  the  equator  being  tenjporarily 
larricd  downwards,  displacing  by  its  force  the  strata  of  luniinous 
matter  beneath  it  (which  may  be  conceived  as  forming  an  habitually 
traoqnil  limit  between  the  opposite  upper  and  uuder  currents),  the 
upper  of  course  to  a  greater  extent  than  the  lower,  and  thus  wholly 

21* 
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y  dcDudiog  the  opaque  surface  of  the  son  below. 
:nanot  bo  uoiiecninpHDied  by  vortiowe  motions,  whi 
!vea,  die  sway  by  degreea.  and  dissip;ilc,   with  thii 
It  their  lower  porlious  coiue  to  rest  more  speedi 
r,  by  reaaon  of  tbc  gretitcr  distance  below,  m  wdl 
a  from  the  point  of  nction,  which  lies  ia  &  higher 

tornadoes)  appears  to  retreat  upwurds," 
ierKhel  mniatains  that  all  this  agrees  perfectly  wi 
i  during  tho  oblilerotion  of  the  solar  spots,  wfai^ 
1  in  by  the  collapse  of  their  sides,  the  penuiobn  all 

spot  and  disappearing  aft*rwanls. 

Sir  J.  Hcrschel  had  assigned  a  reiisou  why  the  H 

ous  flnida,  do  not  nfToct,  ia  consetjuence  of  the  | 

spheroidal  form  nhich  ha  ascribes  to  the  supeii 

re. 

Calorific  povrr  of  solar  rw.v».  —  It  has  been  alread' 

lat  the  intensity  of  heat  on  the  sun's  surface  must] 

;rcat  as  that  of  the  vivid  ignition  of  the  fuel  in  the 

THE  SOLAR  BTSTEM.  247 


CHAP.  xn. 

THE  80LAB  SYSTEM. 

K  J^ercepiion  of  the  motion  and  pnsitum  of  surround ing 
depends  upon  the  station  of  the  observer,  —  The  facility, 
My  and  certainty  with  which  the  motions,  distances,  macni- 
and  relative  position  and  amngement  of  any  sorronnaing 
can  be  ascertained,  depends,  in  a  great  degree,  upon  the 
of  the  observer.  The  form  and  rclatiTe  disposition  of  the 
gB,  alreets,  sqoares,  and  limits  of  a  great  city,  are  perceived. 
imple,  with  more  clearness  and  certainty  if  the  station  of  the 
sr  De  selected  at  the  summit  of  a  lofty  building,  than  if  it 
k  any  station  level  with  the  general  plane  of  the  city  itself. 
ivantage  attending  an  elevated  place  of  observation,  is  much 
irted  if  the  objects  observed  are  affected  by  various  and  com- 
Ainotions  inter  se.  A  general,  who  directs  the  evolutions  of 
le,  seeks  an  elevated  position  from  which  he  can  obtain,  as  far 
la  practicable  to  do  so,  a  hird^s-eye  view  of  the  field ;  and  it 
,  one  time  proposed  to  employ  captive  balloons  bv  which  ob- 
B  conld  be  raised  to  a  sufficient  elevation  above  the  plane  of 
ilitary  manoeuvres. 

these  difficulties,  which  arise  from  the  station  of  the  observer 
in  the  general  plane  of  the  motions  observed,  arc,  however, 
ely  itggravated  when  the  station  has  itself  motions  of  which 
eenrer  is  unconscious ;  in  such  case  the  effi^sts  of  these  motions 
Ckally  transferred  to  surrounding  objects,  giving  them  apparent 
is  10  directions  contrary  to  that  of  the  observer,  and  apparent 
ties,  which  vary  with  their  distance  from  the  observer,  in- 
■g  aa  that  distance  diminishes,  and  diminishing  as  that  distance 


I  such  effects  are  imputed  by  the  unconscious  observer  to  so 
real  motions  in  the  objects  observed;  and,  being  mixed  up 
ftbe  motions  by  which  such  objects  themselves  arc  actually  af- 
i,  an  inextricable  confusion  of  changes  of  position,  apparent  and 
resnlta,  which  involves  the  observer  in  obscurity  and  difficulty, 
i  purpose  be  to  ascertain  the  actual  motions  and  relative  dis- 
B  and  arrangement  of  the  objects  around  him. 
56.  Peculiar  difficulties  presented  hy  the  solar  system,  —  All 
difficulties  are  prtisented  in  their  most  aggravated  form  to  the 
vefy  who,  being  pbccd  upon  tho  earth,  desires  to  ascertain  the 
m  and  positions  of  the  bodies  composing  the  solar  system. 


^•j  aufxnuiu  Dj  ine  ap 

wnich  they  produce  among  the  objects  of  h; 

The  difficulties  arisiDg  out  of  these  cin 
ages  the  progress  of  astroDomical  science, 
versally  entertained  of  the  absolute  immobi 
only  a  vast  error  itself,  but  the  cause  of  nu 
misled  inquirers  by  compelling  them  to  i 
which  are  stationary,  and  to  ascribe  to  bodii 
altogether  different  from  those  with  which 

2a57.   Two  methods  of  exposition.  —  Th 
which  a  knowledge  of  the  motions  and  ar 
system  may  be  imparted.    We  may  first  cxpl 
and  changes  as  actually  seen  from  the  earth, 
combined  with  our  knowledge  of  the  motiont 
itself,  the  real  motions  of  the  other  bodies  of  t 
on  the  contrary,  first  explain  the  real  motions 
they  arc  now  known,  and  then  show  how  thi 
motion  of  the  earth,  produce  the  apparent  moi 

The  former  method  would  perhaps  be  mor 
it  would  proceed  from  observed  facts  as  data  i 
deduced  from  them ;  while  the  other  method  fi 
that  which  we  desire  to  ascertain,  and  then 
patible  with  all  the  observed  phenomena.  Nc 
tary  purp(>.se.s,  such  us  those  to  which  this  v 
latter  mcthixl  is  preferable ;  \vc  sbull,  therefor 
and  relative  arrungemont  of  the  bodies  of  tl 
we  proceed,  bow  their  motions  cause  the  phe 
served  in  the  heavens. 

255S.   6V«r/'t// "-- 
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the  mne  manner  and  tcoordinff  to  the  same  dynamical  laws  as 
govern  their  own  motion  round  tne  snn. 

2559.  Pfantts  primary  and  tecondary.  —  This  assemblage  of 
globes  which  thus  rcTolve  round  the  sun  as  a  common  centre,  of 
which  the  earth  itself  is  one,  are  called  planets  ;  and  the  secondary 
globes,  which  revolve  round  several  of  them,  are  called  secondary 
FUiNETS,  BATELLTTES,  or  MOONS,  One  of  them  being  our  mooD, 
which  revolves  round  the  earth  as  the  earth  itself  revolves  round 
the  sun. 

2560.  Primary  carry  wiih  them  (he  teeandary  round  the  sun.  — 
The  primary  planets  which  are  thus  attended  by  satellites,  carry  the 
ntellitea  with  them  in  their  orbital  course;  the  common  orbital 
moCioDy  thus  shared  by  the  primary  planet  with  its  secondaries,  not 
preventing  the  harmonious  motion  of  the  secondaries  round  the  pri- 

as  a  common  centre. 

2561.  Planetary  motions  to  he  first  regarded  as  circular y  uniform^ 
\d  in  a  conimtm  plane,  —  It  will  be  conducive  to  the  more  easy 

and  clear  comprehension  of  the  phenomena  to  consider,  in  the  first 
intance,  the  planets  as  moving  round  the  sun  as  their  common 
•gjtre  in  exactly  the  Fame  plane,  in  exactly  circular  orbits,  and  with 
MtioDS  exactly  uniform.  None  of  these  suppositions  correspond 
yneisely  with  their  actual  motions;  but  they  represent  them  so  very 
learly,  that  nothing  short  of  very  precise  means  of  observation  and 
fteasarement  is  capable  of  detecting  their  departure  from  them.  The 
aodons  of  the  system  thus  understood  will  form  a  first  and  very 
dose  approximation  to  the  truth.  The  modifications  to  which  the 
eonelusions  thus  established  must  bo  submitted,  so  as  to  allow  for 
Ihe  departure  of  the  several  planets  from  the  plane  of  the  ecliptic, 
•f  their  orbits  from  exact  circles,  and  of  their  motions  from  perfect 
WBiformity,  will  be  easily  introduced  and  comprehended.  But  even 
theao  will  supply  only  a  second  approximation.  Further  investiga- 
tioQ  will  show  series  after  series  of  corrections  more  and  more  minute 
m  their  quantities,  and  requiring  longer  and  longer  periods  of  time 
to  manifest  the  effects  to  which  they  are  directed. 

2562.  This  mefhwl  follows  tlie  otdtr  of  discovery.  —  As  to  the 
test,  in  following  this  order,  proceeding  from  first  suppositions, 
which  are  only  rough  approximations  to  the  truth,  to  others  in  more 
•xact  accordance  with  it,  we,  in  fact,  only  follow  the  order  of  dis- 
•every  itself,  by  which  the  laws  of  nature  were  thus  gradually, 
slowly,  and  laboriously  evolved  from  masses  of  obscure  and  inexact 
hypotheses. 

2563.  Inferior  and  superior  planets,  — The  concentric  orbits  of 
tiba  planets  then  are  included  one  within  another,  augmenting  suc- 
ctisively  in  their  distances  from  the  centre,  so  as  in  general  to  leave 
A  peat  space  between  orbit  and  orbit.  The  third  planet,  proceeding 
ma  the  sun  outwards,  is  the  earth.      Two  orbits,  those  of  the 
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culled  Mercury  and  VeDOs,  are  tbEreforo  include 
h's  nrbit,  wliicb  itself  is  included  wilbin  the  orbite  d 
Ittnets- 

B  planets  wliii-h  are  iocladed  witliin  tbe  oibit  of  U 
id  INFERIoa  PLANETS,  and  all  the  Others  are  called  SV 
'S. 

.  Pcriodi.  — The  periohic  time  of  a  planet  is  lb* 
1  two  BUccesaive  returns  to  the  same  point  of  ita  orbi 
lie  lime  it  tnkes  to  make  a  complete  revolution  rw 
t  is  found  by  observation,  as  might  be  aaturallj  « 

more  distant  piunets;  but,  ts  will  appear  hereaJWr, 
of  iho  periodic  time  is  not  in  tbe  same  proporlim 
•  of  the  orbit. 

■.     Si/uo-iif   motion. — The   mWion  of   a   planet  ool 
in  relation  to  Diat  of  the  earth,  without  reference  to  it 

.  in  i(S  orbit,  is  called  its  BTNODIO  MOTION. 
1.    Georaitrio  ami  fieliocmtrie  motion*.  —  The   pool 
of  a  planet  as  they  appear  to  an   observer  on  the  a 
lEOCESTRIc';   and  as  ihey  would  appear  if  the  obsw^ 
red  to  the  sun,  are  called  nEI.IOCENTRIC*. 
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it  will  be  Mcesnry  to  rednoe  860®  also  to  seoondfl.    We  sball 
elbra  have  (2292) 

,,      1296000  1296000 

p      '  o" 

569.  Dailjf  tynodic  motion.' — The  dailj  synodic  motion  is  the 
e  bj  which  the  planet  departs  from  or  approaches  to  the  earth 
8  ooiirse  roand  the  san.  Thus  if  A  express  in  degrees  the  angle 
led  by  two  lines  drawn  from  the  sun,  one  to  the  planet  and  the 
T  to  tbe  earth,  the  dailj  synodic  motion  will  be  the  daily  in- 
WB  or  decrease  of  a  produced  by  the  motions  of  the  earth  and 
•t.  NoWy  since  the  earth  and  planet  both  move  in  the  same 
Bli€»  round  the  sun  with  different  angular  motions,  the  increase 
ecreaae  of  a  will  be  the  difference  of  their  motions.  Thus,  if 
planet  move  through  3®  while  the  earth  moves  through  1°  per 
^  it  is  evident  that  the  daily  increase  or  decrease  of  a  will  be  2^ ; 
if,  while  the  earth  moves  through  1®,  the  planet  move  through 
the  daily  increase  or  decrease  of  A  will  be  i^. 
f  we  express,  therefore,  the  daily  synodic  motion  of  a  planet  by 
m  daily  heliocentric  motion  by  a,  and  that  of  the  earth  by  c,  we 
II  have,  for  an  inferior  {^anet,  whose  angular  motion  exceeds 
t  of  the  earth, 

a  =  o  —  i; 

;  fiir  a  superior  planet,  whose  angular  motion  is  slower, 

<jr  =  «  —  o. 

ffi70.   Relation  between  the  synodic  motion  and  the  period.  — 
lee  the  daily  heliocentric  motions  arc  found  by  dividing  860^  by 
periods,  we  shall  have  for  an  inferior  planet 

^  __  360^        360^       „  _  1296000       1296000^ 

P  B  P  E         ' 

1  Cor  a  superior  planet 

360*^       360*»       ..       1290000       1296000 


^  ^  —         ^..        _„ 


9     = 
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2571.  Ulongation.  —  The  geocentric  position  of  a  planet  in  re- 

aoB  to  the  sun,  or  the  angle  formed  by  lines  drawn  from  the  earth 

the  Bun  and  planet,  is  called  the  elongation  of  tbe  planet,  and 

■AST  or  west,  according  as  the  planet  is  at  the  one  side  or  the 

icr  of  the  sun. 

2672.   Conjunction,  —  When  the  elongation  of  a  planet  is  no- 

ing,  it  is  said  to  be  in  conjunction^  being  then  in  the  same  dirco- 

D  as  the  sun  when  seen  from  the  earth. 

2678.   Oppontion,  —  When  the  elongation  of  a  planet  is  180°, 

ii  aaid  to  be  in  opposition,  being  then  in  the  quarter  of  the 

nreoa  dheoUy  opposite  to  the  sun. 


THK  BOLA&  0YfiT£M. 
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Tidcaty  liieiefore,  tlnUt  in  the  interval  between  two  suooeeBive  in- 
arior  coojojiotioos  tlie  pUnet  deecribes  roand  the  sun  360^^  together 


Fig.  788. 

^{fk  ills  aa^e  />  s  p,  which  the  earth  has  described  in  the  same 
^iprval  If  this  angle,  described  by  the  earth  in  the  synodic 
miodj  be  called  A,  the  angle  described  by  the  planet  in  the  same 
ilOTTml  will  be  SGO""  +  a. 
If  p  represent  the  pkce  of  the  earth,  and  p'  that  of  a  superior 
in  opposition,  the  earth  leaving  p,  and  having  a  more  rapid 
motion  round  s,  will  get  before  the  planet  as  the  minuto- 
gdis  before  the  hour-hand,  and  when  it  returns  to  p  the  planet 
ipll  haTe  advanced  in  its  orbit,  so  that  before  another  opposition  can 
hfca  place  the  earth  must  overtake  it.  If  this  happen  when  the 
|hM(  ia  at  f/,  the  earth  in  the  synodic  period  will  have  made  an 
mlBatb  levolution,  and  have  in  addition  described  the  angle  ^  s  p,  or 
i^  wUeh  the  planet  has  described.  Thus,  while  a  expresses  the 
a^dfl  which  the  superior  planet  describes  in  the  synodic  period, 
ISO®  +  A  expresses  the  angle  described  by  the  earth  in  the  same 


If  «u  aa  before,  express  the  daily  synodic  motion  of  the  planet, 
mabfolhave 


^       860^     „      1296000 


■ad  comeqiieiitly 


T 

360* 


T 

1296000 


Tfaiifl,  when  the  daily  synodic  motion  is  given,  the  synodic  time 
B  be  eompnted,  and  vice  vend. 

m.  22 


"InfoJaphBe. 


"lillimfon 
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liij  the  eloDgatlon  and  the  angle  e  t  E^  or  e^  t  x,  at  the 
gether^  make  up  90®, 

therefore,  that  the  greatest  elongation  of  an  inferior 
>e  leas  than  90®. 

h  were  stationaiy,  the  real  orbital  motion  of  the  planet 
,  an  apparent  motion  alternately  east  and  wcQt  of  the 
g  to  a  certain  limited  distance,  resembling  the  osoilla- 
dalam.  While  the  planet  moves  from  c  to  e,  it  will 
<art  from  the  snn  eastward,  and  when  it  moves  from  e 
appear  to  return  to  the  snn;  the  elongation  in  the 
ionatantly  increasing  till  it  attain  its  maximum  east- 
the  latter  constantly  decreasing  till  it  become  nothing, 
served,  however,  that  the  orbital  arc  (fe  being  greater 
time  of  attaining  the  greatest  eastern  elongation  after 
anction  is  greater  than  the  time  of  returning  to  the 
greatest  elongation  to  inferior  conjunction, 
rior  conjunction,  while  the  planet  passes  from  e  to  /, 
I  constantly  increases  from  nothing  at  c  to  its  maxi- 
)  ^ ;  and  when  the  planet  moves  from  ^  to  (/,  it  again 
ii  it  becomes  nothing  at  superior  conjunction.  Since 
cs,  c  c'  and  e'  cf,  are  respectively  equal  to  c  «  and  </  e,  it 
the  interval  from  inferior  conjunction  to  the  greatest 
st,  is  equal  to  the  interval  from  the  grea^t  elongation 
ior  conjunction.  In  like  manner,  the  interval  from 
unction  to  the  greatest  elongation  east,  is  equal  to  the 
the  greatest  elongation  west  to  superior  conjunction. 
&tion  of  the'  planet  alternately  c^ast  and  west  is  there- 
irough  the  same  angle  —  that  is,  the  angle  e  K  ^,  in- 
igents  drawn  to  the  planet's  orbit  from  the  earth ;  but 
motion  from  the  greatest  elongation  west  to  the  greatest 
st  is  slower  than  the  apparent  motion  from  the  greatest 
;St  to  the  greatest  elongation  west,  in  the  ratio  of  the 
t  orbitual  arcs  etf  ^  to  ect^. 

t  being  included  within  the  orbit  of  the  earth,  the  or- 
of  the  earth  will  give  it  an  apparent  motion  in  the 
le  same  direction  as  the  apparent  motion  of  the  sun ; 
9  apparent  motion  of  a  visible  object  increases  as  its 
Mwes,  and  vice  vend,  and  since  the  planet  being  at  a 
distance  from  the  centre  of  the  earth's  orbit,  the  dia- 
i  earth  from  it  is  subject  to  variation,  the  apparent 
ted  to  the  planet  by  the  earth's  orbital  motion  will  be 
proportionate  variation,  being  greatest  when  the  planet 
oonjunction,  and  least  when  in  superior  conjunction. 
eat  motion  of  the  planet,  as  it  is  projected  upon  the 
f  the  visual  ray,  arises  from  the  combined  effect  of  its 
lOtioD  and  that  of  the  earth.    Now  it  ia  evident  from 


WW,  lu  ail  positions,  tbe  effect  of 

earth  is  to  give  the  plane t  an  apparent  n 
to  east,  both  causes  combino  to  impart  t( 
while  passing  from  its  western  to  its  eas 
superior  conjunction.     On  the  other  band, 
motion  of  the  planet  being  an  apparent  mot 
passing  from  its  eastern  to  its  western  elo 
conjunction,  while,  on  tbe  contrary,  the  eart 
an  apparent  motion  from  we8t  to  east,  tbe 
of  the  planet,  resulting  from  tbe  difference  c 
westward  or  eastward  according  as  the  effv 
other  predominates,  and  the  planet  will  be 
opposite  effects  are  equal. 

In  leaving  tbe  greatest  eastern  elongation  t 
motion  predominates,  and  tbe  apparent  moti< 
tinues  to  be,  as  before,  eastward.  As,  in  appi 
junction,  tbe  direction  of  the  planet*s  motioi 
more  transverse  to  tbe  visual  line,  and  the  d: 
decreases,  the  effect  of  the  planet's  motion  ii 
lengtb,  equal  to  tbe  effect  of  the  earth's  mo 
then  becomes  stationary.  Tbis  takes  placo  a 
cast.  After  this,  the  effect  of  tbe  planet's  n 
the  apparent  motion  becomes  westward,  and 
continues  tbrough  inferior  conjunction,  until  I 
certain  elongation  west,  equal  to  tbat  at  wbicb 
stationary.  Hero  the  effects  becoming  again 
again  stationary,  after  wbicb,  tbe  effect  of  tbe 
dominating,  the  apparent  motion  K**/*— 
so  to  tbe  irr**"*''"*    ' 
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locefli  and  oonaeqnent  rel&dye  orbital  velocities,  of  the  earth  and 

eU 

S80.  Apparent  motion  cu  projected  on  the  ecliptic.  —  From 

fc  hai  been  here  explained,  the  apparent  motion  of  the  planet  on 

finnament  will  be  eaailj  understood.    Let  abefk,/^.  785| 


Fig.  735. 

ment  the  ecliptic  in  which  the  planet  is  at  present  supposed  to 
ro.  While  passing  from  its  western  to  its  eastern  elongation  it 
ears  to  move  in  the  same  direction  as  the  sun,  from  A  towards 
Ab  it  approaches  B,  its  apparent  motion  eastward  becomes  gra- 
Hj  alower  until  it  stops  altogether  at  B,  and  becomes,  for  a  short 
J,  stationary ;  it  then  moves  westward,  returning  upon  its 
to  c,  where  it  again  becomes  stationary ;  after  which  it  again 
eastward,  and  continues  to  move  in  that  direction  till  it  arrives 
I  certain  point  d,  where  it  again  becomes  stationary  ;  and  then, 
iming  upon  its  course,  it  again  moves  westward  to  E,  where  it 
JB  becomes  stationary ;  after  which  it  again  changes  its  direction 
[  moves  eastward  to  f,  where,  after  being  stationary,  it  turns 
rtward,  and  so  on. 

rbe  middle  points  of  the  arcs  bo,  de,  FO,  &c.,  of  retrogression 
ihoae  at  which  the  planet  is  in  inferior  conjunction ;  and  the 
Idk  points  of  the  arcs  c  D,  X  F,  o  H,  &c.,  of  progression  are  those 
irhich  the  planet  is  in  superior  conjunction. 

22* 


Fig.  730. 


p  that  of  the  pUnet,  and  ■  ^  f^"  e"  tito  orbi 
witliin  that  of  the  plonet,  the  direction  of  t 
and  plsDct  being  iadicated  hy  the  arrows. 

When  the  earth  U  at  e"',  the  sua  s  and  [ 
visual  lioc,  and  the  planet  is  coDsequcntlj 
the  earth  moves  to  ^,  the  elongation  of  U( 
is  B  r^  p.  This  elongation  iocreBsing  as  the  ( 
becomes  90°  at  £',  when  the  visual  dircctioc 
tnngcnt  to  tbe  eartli'"  ■»-'•=* 


dio  planet  is  &  tnageot  to  tbe  earth's  wbit.  ^B»  plnst  is  th«a  in 
ju  eaatfrn  qiuiilnturc. 

Ai  ibc  cuKh  moves  from  r"  to  e"',  tha  riongitiop,  bnng  bUU 
oftR,  convtAutl;  decreaaes  until  it  becomes  oolkaigiat  1^,  whwe  tlia 
planet  is  in  coDJunctioD. 

2o$3.  i>rrn''  and  rftrograile  motion.  — If  lb*  pkMt  wen  in- 
muTuble,  ibc  effeot  of  tbe  earth's  motion  vonld  te  to  .gin  it  ui 


cill*tor7  motion  alteroately  eastward  kqiI  WMtWttd.dinNi^  Aa 
BDf le  E*  P e",  which  tbe  cartb'BO>bit  Bubtenbatti|a|lH|aL  WUle 
the  caitb  moves  froin  e"  tbroagh  e'"  to  e*,  the  pluwt  WMild  appear 
to  move  criiheard  through  the  BUgU  E*?^,  U>d  vluk  the  earth 
moves  from  ^  through  E  to  e",  it  would  appMT  tO  mon  tDetttoard 
ibrtpiigb  the  same  angle. 

Thus  tbe  effect  of  the  earth's  motion  alone  ie  toiaake  the  pkoet 
appear  to  move  from  east  to  vest  nnd  from  vest  to  oeat  allenutelj 
tbrough  a  certain  arc  of  tbe  rcliplio,  tbo  leDgtfa  of  wUeh  will  de- 
pend on  tbe  relation  between  tbe  ilistaoccs  of  tba  earth  and  plaoet 
from  the  BUD,  tbe  arc  being  in  fact  meaaund  by  tiie  eogle  whieh 
tbe  earth's  orbit  eabtends  at  the  planet,  and,  oonaeqaeotly,  this 
ugle  of  apparent  oscillation  will  decrease  in  the  Mnu  ratio  as  tbo 
diaUDce  of  the  ptanct  increases. 

The  times  in  which  tbe  two  oscillaljons  watwari  and  westward 
would  be  made  are  not  equal ;  tbe  time  fltnn  the  WMteiii  to  the 
cuiera  quadrature  being  less  than  the  time  froB  the  eMtem  to  the 
western  quadrature  in  tbe  ratio  of  the  orbtid  aroi^  11^  to  the  arc 
rr"»'. 

It  ii  andsBt  Ihrt  the  Hire  Atant  the  planet  f  is  Uie  Isu  nneqaal 
tt«a  nne,  nod,  eoaaeqnently,  the  less  unequal  the  interrals  between 

>     nd.mtdntore  willbe. 

iwbiu^  Aenaidi  being  ineloded  within  tbe  orbit  of  the 

het  of  die  pUne^B  orbital  motion  will  be  lo  ^ve  it  an 

)|M«nl  ■udon  in  tbe  ew^  ahnys  in  the  same  direotion  in  which 

■ma  wnld  more  when  m  the  same  place,  and  therefore  always 

lordireeL 

mnt  moden,  thon^h  always  ditaol)  is  not  vnifbrm,  sinee 
in  the  same  ntio  as  the  diitanee  of  tlie  earth  from  the 
Thia  apparent  motion  thns  doe  to 
a,  therefiin,  greater  bom  western 
_..  a  than  from  eaatem  to  western  qoadrature. 
n  to  wtetn  qoadratar^  through  ootgnnotiaa,  the 
■  bf  tb*  ^anet  is  d>not>  neeanas  wth  its  own  orbital 
n  BBJl  that  of  tbe  esrth  combine  lo  nadei  it  so.  Vtwt  woatera 
jjmftatmti  m  Um  ^ast  mcoMbaa  opposition,  the  «8eot  of  tbo 
^SSamaSm is  to  mdsr  the  ^aaetntiopadfl,  while  the  effect  of 
jSSmWfUi^  ■  to  ruder  it  direst.  On  leunng  qnadratare  th« 
"^Pll^iPgtjndotoiaftUi,  ind  tbe  spjiannt  motion  is  direcEj  bat  at 


THE  SOLAR  SYSTEM.  201 

planet  prnjectod  on  the  ecliptic  is,  in  all  respects,  similar  to  that  of 
ail  inferior  planet;  the  difiercncc  being,  that  in  the  latter  the  middle 
poiui  of  the  arc  of  retrogression  corresponds  to  inferior  oonjunetioD, 
while  in  tbo  former  it  corresponds  to  opposition. 

It  will  be  apparent  from  what  has  been  explained|  that  the  angle 
which  the  earth  gains  upon  the  planet  in  the  intenral  between  its 
vestaru  and  eastern  quadratures  is  the  angle  which  the  earth's  orbit 
rabtends  at  the  planet,  or  twice  the  annual  parallax  (2442)  of  the 
planet. 

2585.  Conditions  under  which  a  planet  is  visible  in  the  ahsence 
of  the  sun.  —  It  is  evident  that  to  be  visible  in  the  absence  of  tho 
son  a  celestial  object  must  be  so  far  elongated  from  that  luminary 
u  to  be  above  the  horizon  before  tho  commencement  of  the  morning 
twilight  or  after  the  end  of  the  evening  twilight.  One  or  two  of 
the  planets  have,  nevertheless,  an  apparent  magnitude  so  consider- 
able, and  a  lustre  so  intense,  that  thej  are  sometimes  seen  with  the 
naked  eye,  even  before  sunset  or  after  sunrise,  and  may,  in  some 
cases,  be  seen  with  a  telescope  when  the  sun  has  a  considerable  alti- 
tude. In  general,  however,  to  be  visible  without  a  telescope,  a 
planet  must  have  an  elongation  greater  than  30°  to  35°. 

2580.  Evening/  and  momintj  star.  —  Since  the  inferior  planets 
can  never  attain  so  great  an  elongation  as  90°,  they  must  always 
nass  the  meridian  at  an  interval  considerably  less  than  six  hours 
Deforc  or  after  the  sun.  If  they  have  eastern  elongation  they  pass 
the  meridian  in  the  afternoon,  and  are  visible  above  the  horizon  after 
sunset,  and  are  then  called  evening  stars.  If  they  have  western 
elongation  they  pass  the  meridian  in  the  forenoon,  and  are  visible 
above  the  eastern  horizon  before  sunrise,  and  are  then  called  morn- 

XKO  »TARS. 

•2587.  Appearance  of  superior  planets  at  various  elongations.  — 
A  superior  planet,  having  every  degree  of  elongation  east  and  west 
of  the  Bun  from  0°  to  180°,  passes  the  meridian  during  its  synodic 
period  at  all  hours  of  the  day  and  night.  Between  conjunction  and 
qmdnture,  its  elongation  east  or  west  of  the  sun  being  less  than  90°, 
it  passes  the  meridian  earlier  than  six  o'clock  in  the  afternoon  in  the 
fonner  case,  and  later  than  six  o'clock  in  tho  forenoon  in  the  latter 
case ;  being,  like  an  inferior  planet,  an  evening  star  in  the  former 
mod  a  morning  star  in  the  latter  case. 

Ateastefn  quadrature  it  passes  the  meridian  at  six  in  the  evening, 
and  at  western  quadrature  at  six  in  the  morning;  appearing  still  as  an 
evening  star  in  the  former  and  as  a  morning  star  in  the  Tatter  case. 

Between  the  eastern  quadrature  and  opposition,  the  elongation 
bang  more  than  90°  east  of  the  sun,  the  planet  must  pass  the  meri- 
dian oetween  six  o'clock  in  the  evening  and  midnight,  and  is  thero- 
fiace  visible  from  sunset  until  some  hours  before  sunrise.  Between 
quadrature  and  opposition,  tho  elongation  being  more  than 
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of  the  sun,  the  planet  must  pass  the  tDcridnn  itii 

om  BOJDB  hours  after  aunset  until  suurisc. 
pnfiition  the  planet  passes  the  mcridiati  at  midni^ 

Tisible  from  sunaet  to  Bunrise. 

To  Jind   the.   perioiUc   time  of  the   planet. — V 
jludons  of  Ihia  problem,  which  give  resulU  having' 
>f  appruximntioD  to  the  exact  value  of  the  quantilg 

1".    Bff  mcfljiii  0/   the  si/iKxHc   perio//.  —  If  the 
be  ascertained  i/y  ohservation,  we  shall  have  for  u 
;577), 

1         1         1 

T    ~    P           e' 

cquently 

111 

7=7+7- 

1  superior  planet 

I         1          1 

7  ~  7  ~  p' 
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tidereai  place. — The  periodic  time  of  a  planet  being  approxi- 
BiCely  firand  hy  either  of  the  preceding  methods,  it  maj  be  rendered 
■ore  exact  bv  the  following. 

When  a  planet  ia  in  enperior  oonjanction  or  in  opposition,  its  place 
h  the  firmament  is  the  same,  whether  viewed  from  the  earth  or 
&<om  the  son.  Now,  if  two  oppositions  or  conjunctions  separated 
hr  a  long  interval  of  time  be  found,  at  which  the  apparent  place  of 
mm  phnet  in  the  firmament  is  the  same,  it  maj  be  inferred  that  a 
Dliiplete  number  of  revolutions  must  have  taken  place  in  the  inter- 
nl.  Now  the  periodic  time  bein^  found  approximately  bj  cither 
of  the  methods  already  explained,  it  will  be  easy  to  find  by  it  how 
many  zerolations  of  the  planet  must  have  taken  place  between  the 
two  distant  oppositions.  If  the  periodic  time  were  known  with  pre- 
txaofOf  it  would  divide  the  interval  in  question  without  a  remainder; 
\m%  hieing  only  approximate,  it  divides  it  with  a  remainder.  Now 
the  nearest  multiple  of  the  approximate  period  to  the  interval  be- 
tween the  two  oppositions  will  be  that  multiple  of  the  true  period 
vhich  18  exactly  equal  to  the  interval.  The  division  of  the  interval 
\f  the  number  thus  determined  will  give  the  more  exact  value  of 
the  period. 

2592.  4®.  By  the  daily  angular  motion.  —  The  daily  angular 
nooentric  motion  may  be  observed,  and  the  heliocentric  motion 
ttence  computed.  If  the  mean  heliocentric  daily  motion  a"  can  bo 
obtained  by  means  of  a  sufficient  number  of  observations,  the  period 
will  be  given  by  the  fonqula  (2568), 

1296000 
p  =  - 


a" 


2593.  To  find  the  distances  of  the  planets  from  the  mn,  —  One 
of  the  most  obvious  methods  of  solving  this  problem  is  by  observing 
the  elongation  of  the  planet,  and  computing,  as  always  may  be  done, 
the  angle  at  the  sun.  Two  angles  of  the  triangle  formed  by  tho 
enth|  ran,  and  planet,  will  thus  be  known,  and  a  triangle  may  bo 
diawn  of  which  the  sides  vnll  be  in  the  same  proportion  as  those  of 
the  triangle  in  question.  The  ratio  of  tho  earth's  distance  from  the 
imi  to  the  planet's  distance  from  the  sun  will  thus  become  known 
(2296) ;  and  as  the  earth's  distance  has  been  already  ascertained, 
ue  planet's  distance  may  be  immediately  computed. 

Other  methods  of  determining  the  distances  will  be  explained 

heieafter. 

2594.  FhaseB  of  a  planet, — ^While  a  planet  revolves,  that  hemi- 
ipheie  which  is  presented  to  the  sun  is  illuminated,  and  the  other 
difki  But  since  the  same  hemisphere  is  not  presented  generally  to 
die  earth,  it  follows  that  the  visible  hemisphere  of  the  planet  will 
■—■■Mt  of  %  part  of  the  dark  and  a  part  of  the  enlightened  hemi- 
qphflie,  and,  consequently;  the  planet  will  exhibit  phases^  the  varie- 
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I  of  wbiali  nj)l  depend  npoQ  ihe  rclaliTe  dim 
n  from  ibe  earth  sad  sud  to  the  planet.    It  ii 

,t  tbo  scctiun  of  ihc  planet  at  right  angles  to  a  line  dm 
'»  the  base  of  its  enlightened  hemiapbe 
the  section  at  right  aoglcs  to  a  lis 
frutn'  the  earth  to  iti  centre,  b  the 
iis  visible  hcmLeptiere-  The  leu  tl 
included  betvcen  these  IIdcb  is,  thi 
will  be  the  portion  of  the  viidblc  ba 
whieh  is  enligbtened, 

Let  p,  Jiff.  738,  be  the  eeotii 
planet,  p  s  the  direction  of  a  lio«  ^ 
tbe  sun,  and  jir.  that  of  one  dnw 
earth;  IF  will  then  be  tho  base  d 
lightened,  and  vv'  the  boae  of  thi 
beiniaphcre  of  the  planet.  Tha  | 
will  be  the  centre  of  the  former,  ai 
the  lallcr.  The  visible  beniispft 
ir  the  space  i^  Jii'  m  I,  the  part  o  I  bol 

bj  the  angle  fonnec 
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ID  90^,  and  the  planet  appears  g»bboiU|  as  the  moon  does  when 
hveen  opposition  and  qnadratares. 

When  the  angle  s^s  is  greater  than  90^,  as  in  fig,  739;  the 
Nidtli  yflfA  the  enlightened  part  of  the  visible  hemisphere  is  less 
lo  90^,  and  the  planet  appears  as  a  crescent^  like  the  moon  be- 
am eoDJuneiion  and  quadratore. 

When  the  angle  spE  =  0,  which  happens  when  the  earth'  is 
Nraen  the  snn  and  planety  as  in  fig,  740,  the  centre  m'  of  the 
Q|;htened  hemisphere  is  presented  to  the  earth,  and  the  planet 
pemn  with  a  full  phase,  as  the  moon  does  in  opposition.  This 
vmja  happens  when  the  planet  is  in  opposition. 
When  the  angle  sps  becomes  =  180^,  as  vifig.  741,  the  centre 
of  the  dwk  hemisphere  is  presented  to  the  earth,  and  therefore 
e  entire  hemisphere  turned  in  that  direction  is  dark.  This  takes 
when  the  planet  is  between  the  earth  and  sun,  which  can  only 
\  when  an  inferior  planet  is  in  inferior  conjunction. 
5.  Phaid  of  an  inferior  planet.  —  It  will  be  evident  from 
ting  the  diagram,  fig.  734,  representing  the  relative  positions 
ran  mfeiior  planet  with  respect  to' the  sun  and  earth,  that  the  angle 
vmed  bj  lines  drawn  from  the  planet  to  the  sun  and  earth  passes 
hioagh  all  magnitudes  from  0^  to  180^,  and  consequently  such  a 
lanet  exhibits  every  variety  of  phase.  Passing  from  c  towards  ^, 
he  angle  <  &  e  gradually  decreases  from  180°  to  90°,  and  therefore 
he  phase,  at  first  a  thin  crescent,  increases  in  breadth  until  it  b 
salved  like  the  moon  in  quadrature.  From  ^  to  </  the  angle  sVji 
padually  decreases  from  90°  to  0°,  and  the  planet  beginning  by 
boDg  gibbous,  the  breadth  of  the  enlightened  part  gradually  in- 
nntii  it  becomes  full  at  </.     From  c  to  e,  and  thence  to  c, 

these  phases  are  reproduced  for  like 
reasons  in  the  opposite  order. 

2596.  Phases  of  a  superior  planet 
—  It  will  be  evident  on  inspecting 
fig,  742,  that  in  all  positions  what- 
ever of  a  superior  planet,  the  lines 
drawn  from  it  to  the  earth  are  in- 
clined at  an  angle  less  than  90° ;  and 
this  angle  is  so  much  the  smaller  the 
greater  the  orbit  of  the  planet  is 
comparatively  with  that  of  the  earth. 
The  angle  « a  e  being  nothing  at  o 
increases  until  the  planet  is  in  qua- 
drature at  q'j  where  it  is  greatest; 
and  then  the  breadth  of  the  enlisht- 
ened  part  is  least,  and  is  equal  to 
Ae  difference  between  the  angle  s^e  and  180^.  From  j'  to  c  the 
ngb  sVe  daoieasea,  and  bMomea  nothing  at  c  The  planet  is 
uz.  28 


Tig.  142. 


jvt^n  wj  iue  annicuoii 

uioBi  move  in  a  straight  line.     If,  therefore 
in  any  curvilinear  path,  it  may  be  inferred 
some  force  or  forces  exterior  to  it,  which  c< 
the  straight  course  which,  in  virtue  of  its  it 
left  to  itself  (220).    This  force  must,  morec 
operation,  since,  if  its  action  were  suspended 
during  such  suspension  would  move  in  the  g 
lino,  which  would  be  a  tangent  to  the  curve 
action  of  the  force  was  suFpcndcd. 

Now,  since  the  orbits  of  the  planets,  inclu 
curved,  it  follows  that  they  are  all  under  the 
some  force  or  forces,  and  it  becomes  an  imp 
tcrmine  what  is  the  direction  of  these  forces, 
or  several,  and,  in  fine,  whether  they  are  of  in 
if  variable,  what  is  the  law  and  conditions  of  tl 

2598.  What  i»  the  centre  to  which  this  attra 
We  are  aided  in  this  inquiry  by  a  principle  of  t 
and  the  greatest  simplicity,  established  by  NewU 
of  which  forms  the  fubjoct  of  the  first  two  pre 
brated  work,  entitled  "Prtncipia." 

2599.  General  principle  of  the  centre  of 
strated.  —  If  from  an}*  ptiint  taken  as  fixed,  a  si 
io  a  body  which  moves  in  a  curvilinear  path,  si 
radivs  vector  of  the  moving  body  with  rolatio 
centre  of  motion.  As  the  body  moves  along 
the  radius  vector  sweeps  over  a  certain  superf 
less,  according  to  the  velocity  and  direction  of 
lengrh  of  the  radius  vectr^r      ^' " 
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peus  that  whenever  a  bodj  noveB  in  a  cnrrili- 
Dear  orbit,  tinder  the  attnctioa  of  a  force  di< 
reeled  to  &  Sied  centre,  such  a  bod;  will 
dewribe  round  such  centre  equal  areas  in 
equal  times;  and  it  is  proved  alao  conversely, 
that  if  a  point  can  be  found  within  the  curvilt- 
near  orbit  of  a  revolving  body,  round  which 
snch  body  deBcribcs  equal  areas  in  eqnal  times, 
BQch  body  is  in  that  cnse  subject  to  the  action 
of  a  single  force,  always  directed  towards  that 
point  as  a  centre.  It  follows,  in  abort,  that 
"  (he  centre  of  equaMe  areat  it  the  centre  of 
Jorce,  and  that  ihe  centre  of  farce  ti  (he  centre 

As  this  is  a  principle  of  bigh  generality  and 
capital  importance,  and  admits  of  demoasta^Uon 
by  the  most  elementary  principles  of  mechanioa 
and  geometry,  it  may  be  proper  to  explain  it 
here. 

If  a  body  b  move  independently  of  the  action 
of  any  force  upon  it,  its  motion  most  be  in  » 
straight  line,  and  must  be  uniform.  It  mnat, 
therefore,  move  over  equal  spaces  pet  seoond. 
[.  la,  "  Iiet  ita  velocity  be  snch,  that  in  the  first  seoond 
it  would  move  from  B  to  b'.  In  the  next 
if  no  force  acted  upon  it,  it  would  move  through  the  equal 
fb'  in  the  same  direction.  But  if  at  b'  it  receive  from  a 
Irectcd  to  c,  an  impulse  which  in  a  second  would  carry  it 
'  to  c*,  it  will  then  be  affected  by  two  motions,  one  reprc- 
by  t!  L',  and  the  other  by  b'  c',  and  it  will  move  in  the  dia- 
'b"  of  the  parallelogram,  and  at  the  end  of  the  second  second 
at  b". 

,  in  the  first  second,  the  radiut  vector  described  the  am 
ind  in  the  next  second  it  described  the  areaB'OB".  It  is 
show  that  these  areas  are  equal.  For  sioce  8  b'  ^  B*  b',  tbs 
Ob'  and  b'c2''  are  cquul;  and  since  £'b"  is  parallel  to  8*0, 
as  b'c&'  and  B'cu"  are  equal  by  the  well-known  property 
iglea.  Therefore  Ihe  areas  BOB*  and  b' c b",  described  by 
ins  Tootor  in  the  firat  and  second  seconds,  are  equal 
M  body  received  no  impulse  from  the  oentnl  foroe  at  b",  it 
move  over  b"6"=  b'b"  in  the  third  second,  but  receiving 
M  centnl  force  another  impulse  sufficient  to  carry  it  from  V^ 
t  again  moves  over  the  diagonal  b"  b"'  of  the  next  parellelo- 
ukT  at  the  end  of  the  third  seoond  is  found  at  v".  It  is 
In  tha  uiiM  nunner  that  the  areft  of  the  triangle  b"  o  s"  u 
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A»uu  ui  me  times,  but  the  polygon  woald  have 
smaller  sides.  Id  fine,  if  the  intervals  of  the 
be  infinitely  small,  the  sides  of  the  polygon 
small  in  magnitude  and  great  in  number.  The 
be  continuous,  instead  of  being  intermitting,  a 
body  would  be  a  curve,  instead  of  being  a  po 
however,  described  by  the  radius  vector  round 
c,  would  still  be  proportional  to  the  time. 

The  converse  of  the  principle  is  easily  infi 
altogether  similar.     If  c.  Jig.  743,  be  the  centr 
will  be  the  centre  of  attraction ;  for  let  b'  ft'  be  1 
The  triangular  area  b'  c  6'  will  then  be  equal  tc 
the  common  properties  of  triangles,  and  since  \ 
lonnd  G  in  successive  seconds  are  equal,  we  have 
B  c  b',  and  therefore  =  b'  c  I/,    Ilcnce  we  infer  tL 
and  therefore  that  the  line  b'  b"  is  parallel  to  b'  r. 
lore  expressed  by  the  diagonal  ^  b^'  of  the  paralh 
lent  to  the  forces  expressed  by  the  sides.     The 
fore,  besides  the  projectile  force  B  b'  or  b'  5',  is  u 
force  directed  to  o. 

2600.  Linear  J  angular,  and  areal  velocity,  — 
and  analysis  of  the  planetary  motions^  there  arc 
which  there  is  frequent  occasion  to  express  in  rei 
of  time,  and  to  which  the  common  name  of  ''  \ 
quently  applied. 

1^.  The  linear  velocity  of  a  planet  is  the  actual 
.it  moves  in  its  orbit  in  the  unit  of  time.     Wo  ok 
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mtj  be  coDiiideTed  as  the  arc  of  a  circle,  of^wbich  c  is  the  centre 
and  b"'  c  the  radius,  we  shall  have  (2292), 

B'V=    ^"'^ 
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where  the  distance  b''  o  of  the  planet  from  the  sun,  or  the  radius 
Teetor,  is  expressed  by  r.     Hence  we  have 

Hence  the  arcal  Telocity  is  always  proportional  to  the  product  of  the 
angolar  velocity  and  the  square  of  the  radius  vector  or  distance. 

To  ascertain,  therefore,  whether  any  point  within  the  orbit  of  a 
planet  be  the  ''  centre  of  equal  areas/'  and  therefore  the  centre  of 
attractioDy  it  is  only  necessary  to  compare  the  angular  velocity 
round  sach  point  with  the  square  of  the  distance;  and  if  their  pro- 
duct be  always  the  same,  or,  in  other  words,  if  the  angular  velocity 
inerease  in  the  same  ratio  as  the  square  of  the  distance  or  radius 
mCor  decreases,  and  vice  vergdf  then  the  point  in  question  must  bo 
the  centre  of  equal  areas,  and  therefore  the  centre  of  attraction. 

2602.  CVijtf  of  the  motion  of  the  earth.  —  In  the  case  of  the 
earth,  the  variation  of  its  distance  from  the  sun  is  inversely  as  the 
variation  of  the  sun's  apparent  diameter,  which  may  be  accurately 
observed,  as  may  also  be  the  sun's  apparent  motion  in  the  firma- 
nent.  Now,  it  is  found  that  the  apparent  motion  of  the  sun  in- 
creases exactly  in  the  same  ratio  as  the  square  of  its  apparent 
diameter,  and  therefore  inversely  as  the  square  of  its  distance; 
from  which  it  follows  that  its  centre  is  the  centre  of  equal  areas  for 
the  earth's  motion,  and  therefore  the  centre  of  attraction. 

2603.  Ca$e  o/  the  planets.  —  In  the  same  manner,  by  calculating 
from  observation  the  angular  motions  of  the  planets,  and  their  dis- 
tances from  the  sun,  it  may  be  shown  that  their  angular  motions 
are  inversely  as  the  squares  of  their  distances,  and  consequently 
that  the  centre  of  the  sun  is  the  centre  of  the  attraction  which 
neves  them. 

2604.  Orhk*  of  the  planets  ellipses.  — By  comparing  the  varia- 
tion of  the  distance  of  any  planet  from  the  sun  with  the  change  of 
direetion  of  its  radius  vector,  it  may  be  ascertained  that  its  orbit  is 
an  ellipse;  the  centre  of  the  sun  being  at  one  of  the  foci,  in  the 
Bame  manner  as  has  been  already  explained  in  the  case  of  the 
earth. 

2605.  Perihelion,  apheliony  mean  distance.  —  That  point  of  tho 
elliptic  orbit  at  which  a  planet  is  nearest  to  the  sun  is  called  peri- 
ntuoNi  and  that  point  at  which  it  is  most  remote  is  called  aphe- 


t  tAW 


'«^       dnwn  tbroo 

■ ^ — jA     minatiDg    in 

y        longest,  whih 
^^-'^  angles  to  it,  c 

■gf — '  is   the   short* 

Fig.  744.  which  is  equa 

8X19,  and  thei 
of  the  greatest  and  least  distaDces  of  the  el 

the  MEAN  DISTANCE. 

A  planet  is,  therefore,  at  its  mean  distance 
u  at  the  extremities  of  the  minor  axis  of  ita  i 

There  is  another  point  f^  on  the  major  as 
from  the  centre,  equal  to  FC,  which  has  also  t 
ties  of  the  focns.  It  is  sometimes  distingui 
FOCUS  of  the  planet's  orbit. 

Ellipses  may  be  more  or  less  eccentric,  tfa 
less  oval.  The  less  eccentric  they  are,  the  les 
from  ft  circle.  The  degree  in  which  they  havt 
pends  on  the  ratio  which  the  distance  fc  of 
centre  bears  to  p  o,  the  semi-axis  major.  Two 
niftgoitodes  in  which  this  ratio  is  the  same,  h 
are  equally  ecoentric.  The  Icr^s  the  ratio  of  o  i 
nearly  docs  the  ellipse  resemble  a  circle.  Th 
called  the  eccentricity. 

The  eccentricity  of  a  planet's  orbit  will,  thei 
ber  which  expresses  the  distance  of  the  sun  fn 
ellipse,  the  semi-axis  major  of  the  orbit  being  ti 

2607.  Apsuies,  anomaly,  —  The  points  oi 
APHELION,  are  called  W  *^ — 
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1  fariable  •ngokr  motion,  tbe  anomaly  of  this  imaginary  planet  is 
oalled  the  mean  anomaly  of  the  planet. 

2608.  Place  of  perihelion.  —  The  place  of  PEBinELiON  is  ex- 
pressed by  indicating  the  particular  fixed  star  at  or  near  which  the 
planet  at  p  is  seen  from  F,  or,  what  is  the  same,  the  distance  of 
that  point  from  some  fixed  and  known  point  in  the  heavens.  The 
point  selected  for  this  purpose  is  the  vernal  equinoxial  point,  or  the 
fini  point  of  Aria  (24^5).  The  distance  of  perihelion  from  this 
pointy  ms  seen  from  the  sun,  is  called  the  longitude  of  perihe- 
UON,  and  is  an  important  condition  affecting  the  position  of  the 
planet's  orbit  in  space. 

2609.  Eoceniricitie*  of  orhiU  BmalL  —  The  planets'  orbits,  like 
l&at  of  the  earth,  though  elliptical,  are  very  slightly  so.  The  eo- 
oentricitiea  are  so  minute,  that  if  the  form  of  the  orbit  were  dc- 
lioeated  on  paper,  it  could  not  be  distinguished  from  a  circle  except 
bj  very  exactly  measuring  its  breadth  in  difibrent  directions. 

2610.  Law  of  attraction  deduced  from  elliptic  orbit,  —  As  the 
•qoable  description  of  areas  round  the  centre  of  the  sun  proves  that 
point  to  be  the  centre  of  attraction,  the  elliptic  form  of  the  orbit 
ind  the  position  of  the  sun  in  the  focus  indicate  the  law  according 
to  which  this  attraction  varies  as  the  distance  of  the  planet  from  the 
nn  varies.  Newton  has  demonstrated,  in  his  Pringtpia,  that  such 
iBOtioo  necessarily  involves  the  condition  that  the  intensity  of  the 
ittmetive  force,  at  different  points  of  the  orbit,  varies  inversely  as 
Ihe  aqnare  of  the  distance,  increasing  as  the  square  of  the  distance 
iummoM,  and  vice  veraA. 

26tl.  The  orbit  might  be  a  parabola  or  hyperboln,  —  Newton 
ilso  proved  that  the  converse  is  not  necessarily  true,  and  that  a 
body  may  move  in  an  orbit  which  is  not  elliptical  round  a  centre  of 
lone  which  varies  according  to  this  law.  But  he  showed  that  the 
«blt^  if  not  an  ellipse,  must  be  one  or  other  of  two  curves,  a  para- 
bola or  HTPERBOLA,  having  a  close  geometric  relation  to  the  el- 
liptic And  that  in  all  cases  the  centre  of  force  would  be  the  focus  of 
the  onrve. 

These  three  sorts  of  curves,  the  ellipse,  the  parabola,  and  hypcr- 
bola,  ue  those  which  would  be  produced  by  cutting  a  cone  in  differ- 
ent diieetiona  by  a  plane,  and  they  are  hence  called  the  conio 
uorioirs. 

2612.  Conditions  which  determine  the  species  of  the  orbit.  —  The 
eondiCions  under  which  the  orbit  of  a  planet  misht  be  a  parabola  or 
hyperbola,  depend  on  the  relation  which  the  velocity  of  the  motion 
or  the  planet,  at  any  given  point  of  the  orbit,  bears  to  the  intensity 
of  the  attractive  force  at  tnat  point.  It  is  demonstrable  that,  if 
fho  velocity  with  which  a  planet  moves  at  any  given  point  of  its 
oAit  were  suddenly  augmented  in  a  certain  proportion,  its  orbit 


jLMUHi  near  the  sun  once,  foUowiog  a  earred 
deptrt  never  to  return. 

2613.  LatD  of  g^ravitatirm  general,  —  Tlu 
orbit  of  a  planet  indicates  the  law  which  gov 
the  sun's  attraction  from  point  to  point  of  sue 
this  orbit  it  proves  nothing.     It  remains,  the 
the  planetary  motions  round  the  sun,  and  from 
satellites  round  their  primaries,  that  the  same 
which  the  intensity  decreases  as  the  square  of  t 
centre  of  attraction  increases,  and  vice  vendy  is 

The  attraction  exerted  upon  any  body  may  be 
ral,  as  that  of  the  earth  on  bodies  near  its  surf 
the  spaces  through  which  the  attracted  body  wo 
given  time.     It  has  been  shown,  that  the  attract 
exerts  at  its  surface,  is  such  as  to  draw  a  body 
193  inches  in  a  second.     Now  if  the  space  thro 
would,  by  its  attraction  at  any  proposed  distant 
one  second  could  be  found,  the  attraction  of  the  i 
could  be  exactly  compared  with  and  measured  b; 
the  earth,  just  as  the  length  of  any  line  or  dist 
by  applying  to  it  and  comparing  it  with  a  standar 

2614.  Method  of  cahuhiiimj  the  central  fo 

and  curvature.  —  Now  th 
which  any  central  attractii 
body  in  a  given  time  can  be  < 
the  body  in  question  move 
nearly  circular  orbit  round 
all  the  nln»»«*"  *•"'' 
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ftnnidfl'ihe  centre  "E,  throngli  Ihe  space  mn,  in  tbe  nnit  of  time. 
Bj  mesne  of  this  space,  therefore,  the  force  which  the  central  at- 
taction  exerts  at  m  can  be  brought  into  direct  comparison  with  the 
fane  which  terrestrial  grayitj  exerts  at  the  sarface  of  the  earth. 

It  fbllowa,  therefore,  that  if  /  express  the  space  tbrough  which 
neh  %  body  would  be  drawn  in  the  unit  of  time,  falliog  freely  to- 
vaids  the  centre  of  attraction,  we  shall  have  /  =  m  n.  Bat  by  the 
elementary  principles  of  geometry, 

m»X  2Em  =  m m!*, 
Tnerarany 

Asft  Mf  the  spaoe  throngh  which  a  body  would  be  drawn  towards  the 
WBtre  of  attraction,  if  deprived  of  its  orbital  motion,  in  the  unit 
if  time,  is  found  by  dividing  the  square  of  tbe  linear  orbital  velocity 
by  Iviee  its  distance  from  the  centre  of  attraction. 

Binoa  v  =  gnflOKV  C^^^^)'  ^®  ^^^^^  ^^  ^^^® 

•'""  2x206265* 

The  attractive  force,  or,  what  is  the  same,  the  space  through 
vbieh  the  revolving  body  would  be  drawn  towards  the  centre  in  the 
uit  of  time,  can,  therefore,  be  always  computed  by  these  formulae, 
when  its  distance  from  the  centre  of  attraction  and  its  linear  or  an* 
pUr  velocity  are  known. 

Sinee  (2568) 

1296000 

o=  ■ 

p 
tUi,  being  substituted  for  a  in  the  preceding  formula,  will  give 

/=  412541x^5 

If  which  the  attractive  force  may  always  be  calculated  when  the 
dittanoe  and  period  of  the  revolving  body  are  known. 

2615.  Jjaw  of  gravitation  tJi&wn  in  the  case  of  the  moon.  —  The 
Ittnction  exerted  by  the  earth,  at  its  surface,  may  be  compared  with 
the  attraction  it  exerts  on  the  moon,  by  these  formulae. 

In  tbe  case  of  the  moon,  v  =  0.6356  miles,  and  r  =  239,000 
miles;  and  by  calculation  from  these  data,  we  find 

/  =  00000008459  -"*  =  00536 "^ 

The  attraction  exerted  by  the  earth  at  the  moon's  distance  would, 


.  .^  Mvvu  snown  that  the  moon's  d 
centre  is  60  times  the  earth's  radius.  It  ap 
this  ease  the  attraction  of  the  earth  decrease 
distance  from  the  attracting  centre  increases ; 
the  same  law  of  gravitation  prevails  as  in 
planet. 

2616.   Svn's  attraction  on  jdanets  compa 
tionfulfillrxL  —  In  the  same  manner,  ezactlj. 
the  sun  exerts  at  different  distances  maj  be 
tions  and  distances  of  the  planets.     The  dista 
the  circumference  of  its  orbit,  and  this,  comp 
time,  will  give  the  arc  through  which  it  moves 
a  minute.     This,  represented  bj  m  m\  fig,  74 
space  m  n  through  which  the  planet  would  fall 
the  same  time  may  be  calculated ;  and  this  bei 
planets,  it  will  be  found  that  these  spaces  are 
of  the  squares  of  their  distances. 

Thus,  for  example,  let  the  earth  and  Jupiter 
manner.     If  d  express  the  distance  from  the 
period  in  days,  A  the  arc  of  the  orbit  in  mil 
planet  in  an  hour,  and  H  the  space  m  n  in  milei 
planet  would  fall  towards  the  sun  in  an  hour  if 
were  destroyed,  we  shall  then  have 
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their  satellitefl,  is  concerned.  Bat  this  law  does  not  alone  affect  the 
central  attracting  bodies.  It  belongs  equally  to  the  revolving  bodies 
themselves.  Each  planet  attracts  the  sun,  and  each  satellite  attracts 
its  primary  as  well  as  being  attracted  by  it;  and  this  reciprocal  at- 
tawtioQ  depends  on  the  mass  of  the  revolving  as  well  as  on  the  mass 
<lf  the  central  body  and  their  mntnal  distance. 

The  planets,  moreover,  as  well  as  the  satellites,  attract  each  other, 
md  thus  modify,  to  some  small  extent^  the  effects  of  the  predomi- 
nant eentral  attraction. 

2618.  lU  analogy  to  the  general  law  of  radiating  influences.  — 
It  will  be  observed  that  this  law  is  similar  to  that  which  governs 
fights  heat,  soand,  and  other  physical  principles  which  are  propa- 
gated by  radiation ;  and  it  might  thus  bo  inferred  that  gravitation 
H  mn  agency  of  which  the  seat  is  the  sun,  or  other  gravitating  body, 
nd  that  it  emanates  from  it  as  other  physical  principles  obeying  the 

law  are  supposed  to  do. 

2619.  Noi^  however^  to  he  identified  with  them.  —  No  such  hy- 
ithena  as  this,  however,  is  either  assumed  or  required  in  astro- 

ly.     The  law  of  gravitation  is  taken  as  a  general  fact  established 

hj  obeervation,  without  reference  to  any  modus  operandi  of  the 

loree.  ■  The  planets  may  be  drawn  towards  the  sun  by  an  agency 

vhoae  aeat  is  established  in  the  sun,  or  they  may  be  driven  towards 

it  by  an  agency  whose  seat  is  outside  and  around  the  system,  or  they 

nay  be  pressed  towards  it  by  an  agency  which  appertains  to  the 

^Mce  in  which  they  move.     Nothing  is  assumed  in  astronomy  which 

wmkl  be  incompatible  with  any  one  of  these  modes  of  action.     The 

hw  of  gravitation  assumes  nothing  more  than  that  the  planets  are 

■object  to  the  agency  of  a  force  which  is  every  where  directed  to 

tile  sun,  and  whose  intensity  increases  as  the  square  of  the  distance 

from  the  sun  decreases,  and  vice  versd  ;  and  this,  as  has  been  shown, 

ii  proved  as  a  matter  of  fact  independent  of  all  theory  or  hypo- 

tboos. 

2620.  The  harmonic  law.  —  A  remarkable  numerical  relation 
that  denominated  prevails  between  the  periodic  times  of  the  planets 
ud  their  mean  distances,  or  major  axes  of  their  orbits.  If  the 
tqaaxea  of  the  numbers  expressing  their  periods  be  compared  with 
te  cnbes  of  those  which  express  their  mean  distances,  they  will  be 
found  to  be  very  nearly  in  the  same  ratio.  They  would  be  exactly 
N  if  the  maaaes  or  weights  of  the  planets  were  absolutely  insigni- 
fieut  compared  with  that  of  the  sun.  But  although  these  masses, 
II  will  appear,  are  comparatively  very  small,  they  are  sufficiently 
eonsiderablo  to  affect,  in  a  slight  degree,  this  remarkable  and  im- 
portaatlaw. 

Omitting  for  the  present,  then,  this  cause  of  deviation,  the  bar- 
law  may  be  thoa  expressed.    If  p,  p^,  p",  Ac.,  be  a  scries  of 


,«*a\MAa 


,«..w^  are  equal,  sabject  noYer 
from  ihe  law  as  may  be  dae  to  the  caiue 
2621.  Fulfilled  hjf  the  planet*.  —  Meth 
tance  of  a  planet  from  the  sun  when  it$% 
To  show  the  near  approach  to  Dumeriou 
remarkable  law  is  fulfilled  by  the  motions 
the  solar  system,  we  have  exhibited  in  the 
tive  approximate  nnmerical  values  of  tht 
periods,  and  have  shown  thai  the  quotient 
cubes  of  the  distances  by  the  squares  of 
equal: — 
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In  general,  the  distance  of  a  planet  from 
puted  by  means  of  this  law,  when  the  distanc 
periodic  times  of  the  earth  and  planet  are  km 

For  this  purpose  find  the  number  which  • 
time  P  of  the  planet,  that  of  ^^'^  --    * 
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Bumber  whose  cnbe  is  the  sqaare  of  the  number  expressing  the 
period,  or,  what  is  the  same,  to  extract  the  cube  root  of  the  square 
of  the  period. 

2622.  Harmtmic  law  deduced  from  the  law  of  gravitation.  — 
It  is  not  difficult  to  show  that  this  remarkable  law  is  a  necessary 
■sequence  of  the  law  of  gravitation. 

Sopposing  the  orbits  of  the  planets  to  be  circular,  which  for  this 

*  fvpose  they  may  be  taken  to  be,  let  the  distance,  period,  and  an- 

nlar  velocity  of  anv  one  planet  be  expressed  by  r,  p,  and  a,  and 

mom  of  any  other  by  /,  p^,  and  a ,  and  let  the  forces  with  which 

-  Iktran  attracts  them  respectively  bo  expressed  by /and/'.     We 

il'dudi  (hen,  according  to  what  has  been  proved  (2614),  have 

J^  ^  _  r  Xtt'  _       /  X  o''      ^ 

1^  ''         2  X  206265  -^    "■  2  X  206265' 

%.  tod  therefore 

/  :  Z' : :  r  X  a* :  /  X  o'". 
Bvt  by  the  law  of  gravitation 

/:/'::>^:r«, 
Aerefore 

r^  :  r^  : :  r  X  o«  :  /  X  a'», 
■nd  consequently 

r«  X  a'*  =  r'  X  a«. 

Bat  the  angles  described  in  the  unit  of  time  arc  found  by  dividing 
360^  by  the  periodic  times.     Therefore, 

360O                              ,       360^ 
a  =  or  =  :— . 


and  consequently 


wkieh  is,  in  fact,  the  harmonic  law. 

It  is  easy,  by  pursuing  this  reasoning  in  an  inverse  order,  to  show 
diat  if  the  harmonic  law  be  taken,  as  it  may  be,  as  an  observed  fact, 
the  law  of  gravitation  may  be  deduced  from  it. 

2623.  Spier's  laws. — The  three  great  planetary  laws  explained 
in  the  preceding  paragraphs — 1.  The  equable  description  of  areas; 
2.  The  elliptic  form  of  the  orbits ;  and  3,  the  harmonic  law  — 
were  discovered  by  Kepler,  whose  name  they  bear.  Kepler  deduced 
them  as  matter-of-&ct  from  the  recorded  observations  of  himself 
and  other  astronomers,  but  failed  to  show  the  principle  by  which 
they  were  connected  with  each  other.  Newton  gave  their  intcrpre- 
tilm,  end  showed  their  connexion  as  already  explained. 

in.  24 


•»  "een  from  tW  I™^    *  opposite  iddes 
north  to  the  wj^h  "^  *^»  ""P^^o*  > 

•t  which  it  p^  foL"««?  t^-o  ««ptlc, 

»o»«.  Md  theTl.5r^  ~""'  *o  north  bd 

While  th?;£t  i^«f  «»i>iNo  NO, 

AH  these  nLnf^'"*  "ode,  it  is  south 

the  pUneTf  ^irSc' b^r*^  *•""*« 
^    This  engre:',,»'"i,»«  plane  " 

limited  to  a  »ne  of  tfc!  u    P'"*'  """h  or 
«^Ptic  .t  this  dlJoet  naT"'.  ^""^ed 
2«27.  .Vr/Wo/;S,^?''."''^«»«thof 

--Th»  problem  mJll^^:^^  ?Phnef, 
■  gieat  varietv  of  j; «  **'^*^  w»»h  more  n 
earth'.  j:!»]Iiy  •?  different  methn^.      tJ^  ?, 
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bt  90^ — m,  md  will  therefore  be  known,  and  thos  the  distances 
IF  sad  S  P  may  be  computed  as  in  the  first  ilkethod. 

2630.  S**.  By  (he  grtiiUnt  and  least  apparent  magnitudes.  —  If 
»  and  w»'  be  the  apparent  magnitudes  of  an  inferior  planet  when  at 
■ferior  sod  saperior  conjunction,  and  e  and  p  be  the  distances  of 
hm  ««rth  and  planet  from  the  sun,  e — p  will  be  the  distance  of  the 
ilttMt  from  the  earth  at  inferior,  and  e  +  p  at  superior  conjunction 
S577)  ;  mad  since  the  apparent  maffuitudes  are  in  the  inverse  ratio 
€  IhM  distances  (1118),  we  shall  have 

m        e  +  p 


mA  eoDseqnentl  J 


m'       e — p' 


fn  -\-  m 


[f  ws  4-  wt'  be  the  apparent  magnitudes  of  a  superior  planet  in  op- 
poation  and  conjunction,  its  distances  at  these  points  will  be  p  —  e 
andp  +  ^f  >^<1  we  shall  have  as  before 

m       p  +  «' 


and  therefore 


m'       p  —  c ' 


p  = ,   X  e. 


2631.  4<*.  By  (he  harmonic  iau;.  — This  law  (2614)  being  de- 

dneed  from  the  law  of  gravitation  (2616),  independently  of  the 

ohiervation  and  comparison  of  times  and  distances,  it  may  be  used 

ht  the  determination  of  the  distances,  the  times  being  known.   Let 

X  and  p  be  the  periodic  time  of  the  earth  nod  planet,  and  e  and  p 

their  distances  from  the  sun.     We  shall  then,  by  the  harmonic  law, 

have 

p»  _  P» 


Jt«' 


tad  Aeref ore 


tf  =  ^x^, 


lad  thus  the  distance  p  may  be  found. 

2632.  To  determine  the  real  diameters  and  volumes  of  the  bodies 
of  ike  tysiem.  — The  apparent  diameter  at  a  known  distance  being 
Owervtd,  the  real  diameter  may  be  computed  by  the  principle  ex- 
vUoed  in  2299.  The  linear  value  of  V  at  the  distance  being 
laovni  the  real  diameter  will  be  obtained  by  multiplying  such  value 
ty  the  apparent  diametet  expressed  in  seconds. 


uc  cumpuieu  i  ^uo  <  j.     i  uis  uibuiikxi  oeing  oooiine 
of  1"  at  the  planet  will  be  fbond  (2298),  which, 
by  the  greatest  breadth  of  its  gibbboa  disk,  the  i 
be  obtained. 

In  the  case  of  the  sapcrior  planets,  their  diamc 
obtained  when  in  opposition,  because  then  they  a 
disk,  and,  being  nearer  to  the  earth  than  at  any 
have  the  greatest  possible  magnitude.  Their  distai 
in  this  position  is  always  the  difference  between  th 
earth  and  planet  from  the  sun. 

When  the  real  diameters  aire  found  the  volumes 
since  they  are  as  the  cubes  of  the  real  diameters. 

2633.  Methods  of  determining  the  masses  of 
solar  system,  —  The  work  of  the  astronomer  is  bu 
formed  when  he  has  only  mentioned  the  distances 
and  ascertained  the  motions  and  velocities,  of  the 
the  universe.     He  must  not  only  measure^  but 
pendous  masses. 

The  masses  or  quantities  of  matter  in  bodies  up 
the  earth  are  estimated  and  compared  by  their  wci 
the  intensity  of  the  attraction  which  the  earth  e: 
It  is  inferred  that  equal  quantities  of  matter  at  eqi 
the  centre  of  the  earth  are  attracted  by  equal  foi 
all  masses,  great  and  small,  fall  with  the  same  veh 

The  intensity  of  the  attraction  with  which  thi 
upon  a  body  at  any  given  distance  from  its  centre 
mass  or  quantity  of  matter  composing  the  earth, 
the  earth  were  suddenly  increased  in  any  proposed 
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Uie  exwt  proportum  of  the  quantities  of  ponderable  matter  com- 
ponng  them. 

But  it  will  be  conTenient  to  obtain  the  relation  between  the 
iDMBeii  and  the  attractions  thej  exert  at  unequal  distances.  For 
tlus  parpose,  let  the  attractions  which  thej  exert  at  equal  distances 
be  expreMed  bj/and/',  and  let  the  common  distance  at  which 
then  attimotiona  are  exerted  be  expressed  by  x,  and  let  v  and  y' 
nxfnm  the  attractions  which  they  respectively  exert  at  any  other 
(Bttaneew,  r  and  /,  and  we  shall  havC;  according  to  the  general  law 
of  giaTitatioD^ 


/: 

y  : 

1 

•                  • 

1 

■                                                  ^ 
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f' 

jf\ 

1 
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1^ 

tad  eonaeqaenily 

r 
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from  which  it  follows  that 

I 

• 

r    X 

r* 

/        I'    X      »^ 

Bat  sinee  the  masses  m  and  m'  are  proportional  to  the  attractions 
/andy,  we  have 

/         M 

/       m" 
nd  therefbra 

M           V      X       t* 

U'    ~  t'     X       /" 

that  is,  the  attracting  masses  are  proportional  to  the  products  ob- 
tuned,  by  multiplying  any  two  forces  exerted  by  them  by  the 
•qaares  of  the  distances  at  which  such  forces  are  exerted. 

Henee  in  all  cases  in  which  the  attractive  forces  exerted  by  any 
entiml  masses  at  given  distances  can  be  measured  by  any  known  or 
olmirable  motions,  or  other  mechanical  effects,  the  proportion  of 
the  attracting  masses  can  be  determined. 

2634.  Method  of  aiimating  central  masses  round  which  bodies 
revolve,  —  If  bodies  revolve  round  central  attracting  masses  as  the 
l^anets  revolve  round  the  sun,  and  the  satellites  round  their  prima- 
rieS|  the  ratio  of  the  attracting  forces,  and  therefore  that  of  the  cen- 
tnd  masses,  can  be  deduced  from  the  periods  and  distances  of  the 
ifvblnns  bodies  by  the  principles  and  method  explained  in  2614. 

Thna  if  P  and  p^  be  the  periods  of  two  bodies  revolving  round 

24  • 


.  [  By  this  principle  the  ratio  of  the  attracting  i 

ascertained  when  the  periods  of  any  bodies  re 
known  dbtances  arc  known. 

2635.  Method  of  ctrferniining  the  ratio  . 
planets  which  have  satellites^  to  tJie  ma»s  of  tl 
18  nothing  more  than  a  particular  appiicatiu 
plained  above. 

To  solve  it,  it  is  only  noccRsary  to  aecertai 
tanoe  of  the  planet  and  the  satrllite,  and  si 
formula  determined  in  2()84.  The  nrithme 
execnted,  the  ratio  of  the  masses  will  be  deter 

2636.  To  determine  the  ratio  of  the  mans  ( 
the  iun. — Since  the  earth  has  a  satellite,  this  ] 
by  the  method  given  in  2685. 

If  r  and  /  express  the  distances  of  the  ea 
mooD,  and  P  and  p'  the  periods  of  the  sun  anc 

r  !»'        27*30 

L,  =400      i-  =  JlLrL  = 

/  p        365-25 

ti  =  64000000      ^  =  T^ 
r*  P*        171 

!f!  which  being  substituted,  and  the  operations  es 

-,  =  357500. 
2687.    To  determine  the  masses  of  planets  w> 

^— Accord  in  cr  tt\  whnf  Ima    Lonn    «kv»v1. .;».**  J    *i»- 
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latellitc,  and  of  the  sun  upon  the  planet,  and  when  the  effect  of  the 
difference  of  distance  ia  allowed  for,  the  ratio  of  the  mass  of  the 
pLir.ct  t<i  the  mass  of  the  sun  is  found. 

In  the  caae  of  planets  not  attended  hj  satellites,  the  effect  of 
their  gravitation  is  not  manifested  in  this  way,  and  there  is  no  body 
sznaJIcr  than  themselves,  and  sufficiently  near  them  to  exhibit  the 
same  easily  measured  and  veiy  sensible  effects  of  their  attraction, 
and  hence  there  is  considerable  difficulty;  and  some  uncertainty,  as 
to  their  exact  masses. 

263S.  Jddss  of  Mars  estimated  hy  its  attraction  upon  the  earth. — 
The  nearest  body  of  the  system  to  which  Mars  approaches  is  the 
earth,  its  distance  from  which  in  opposition  is  nearly  fifty  millions 
of  miles,  or  half  the  distance  of  the  earth  from  the  sun.  Now, 
since  the  volume  of  Mars  is  only  the  eighth  part  of  that  of  the 
earth,  it  may  be  presumed,  that  whatever  be  its  density  its  mass 
must  be  so  small,  that  the  effect  of  its  attraction  on  the  earth  at  a 
distance  so  great  roust  be  very  minute,  and  therefore  difficult  to  as- 
certain by  observation.  Nevertheless,  small  as  the  effect  thus  pro- 
duced is,  it  is  not  imperceptible,  and  a  certain  deviation  from  the 
path  it  would  follow,  if  the  mass  of  Mars  were  not  thus  present, 
has  been  observed.  To  infer,  from  this  deviation,  the  moss  of  Mars 
is,  however,  a  problem  of  much  greater  complexity  than  the  deter- 
mination of  the  mass  of  a  planet  by  obser\'ing  its  attraction  upon 
its  satellite.  The  method  adopted  for  the  solution  of  the  problem 
is  a  sort  of  "  trial  and  error."  A  conjectural  mass  is  first  imputed 
to  Mars,  and  the  deviation  from  its  course  which  such  a  mass  would 
eaasc  in  the  orbital  motion  of  the  earth  is  computed.  If  such  de- 
viation is  greater  or  less  than  the  actual  deviation  observed,  another 
eoDJectural  mass,  greater  or  less  than  the  former,  is  imputed  to  the 
planet,  and  another  computation  made  of  the  consequent  deviation, 
which  will  come  nearer  to  the  true  deviation  than  the  former.  By 
repeating  this  approximative  and  tentative  process,  a  mass  is  at  length 
found,  which,  being  imputed  to  Mars,  would  pro<luce  the  observed 
deviation;  and  this  is  accordingly  assumed  to  be  the  true  mass  of 
the  planet. 

In.  this  way  the  mass  of  Mars  has  been  approximatively  estimated 
at  the  seventh  part  of  the  mass  of  the  earth. 

The  small ness  of  this  mass  compared  with  its  distance  from  the 
only  body  on  which  it  can  exert  a  sensible  attraction  will  explain 
the  difficulty  of  ascertaining  it,  and  the  uncertainty  which  attends 
its  value. 

2631).  Masses  of  Venus  and  Mercury. — The^same  causes  of  diffi- 
ealtj  and  uoocrtainty  do  not  affect  in  so  great  a  degree  the  planet 
VennSy  whose  mass  is  somewhat  greater  than  that  of  the  earth,  and 
which  moreover  comes,  when  in  inferior  conjunction,  within  about 
millions  of  miles  of  the  earth.     The  effects  of  the  attraction 


is  Btill  veiy  uncertain.  Attempts  have  lately  bei 
tmate  to  its  YalnO;  by  observing  the  effoots  oi  iU 
of  the'  comets. 

2640.  Methods  of  deteTrminxng  the  mass  of  tJ 
to  its  proximity  and  close  relation  to  the  earth, 
striking  phenomena  connected  with  it,  the  determ 
of  the  moon  becomes  a  problem  of  considerable  i 
are  various  observable  effects  of  its  attraction  by 
its  mass  to  those  of  the  sun  or  earth  may  bo  cone 

2641.  1®.  By  nutation. — It  will  be  shown  he 
traetions  of  the  masses  of  the  sun  and  moon  upo 
matter  surrounding  the  equator  of  the  terrestria 
a  regular  and  periodic  change  in  tbo  direction 
earth,  and  consequently  a  corresponding  chang 
place  of  the  celestial  pole.  The  share  which  < 
these  effects  being  ascertained,  their  relative  fl 
upon  the  redundant  matter  at  the  terrestrial  equ; 
the  efieot  of  the  difference  of  distance  being  alio 
of  the  attracting  masses  is  obtained. 

2642.  2^.  By  Vie  tides,  —  It  has  been  shown 
by  the  attractions  of  the  masses  of  the  sun  and  n 
the  ocean  are  produced.  The  share  which  each  mi 
duotion  of  these  effects  being  ascertained,  and  the 
ferenoe  of  distance  being  allowed  for,  the  ratio  of 
sun  and  moon  is  obtained. 

2643.  3**.  By  the  common  centre  of  gravity 
the  earth.  —  It  has  been  stated  that  the  centre  o1 
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rnm  the  centres  of  the  earth  and  moon  will  give  the  ratio  of  their 

Now,  the  monthly  motion  of  the  earth  round  such  a  centre  would 
nH^csflarilv  produce  a  corresponding  apparent  monthly  displacement 
[f  the  sun.  Such  displacement,  though  small  (not  amounting  to 
more  than  9  few  Beconds),  is  nevertheless  capable  of  observation  and 
iDfw^nrementT  The  exact  place  of  the  sun's  centre  being  therefore 
eompated  on  the  supposition  of  the  absence  of  the  moon,  and  com- 
pared with  its  observed  place,  the  motion  of  the  earth's  centre  and 
the  poaitioii  of  the  point  round  which  it  revolves  has  been  deter- 
medy  and  the  relative  masses  of  the  earth  and  moon  thus  found. 

2644.  4^.  Bif  terrestrial  gravity.  —  By  what  has  been  already 
explained^  the  space  through  which  the  moon  would  be  drawn  to- 
vuda  the  earth  in  a  given  time  by  the  earth's  attraction  can  be  de- 
temined.  Let  this  space  be  expressed  by  s.  The  linear  velocity 
T  of  the  moon  in  its  orbit  can  also  be  determined.  NoW;  if  r  be 
tke  radios  of  the  orbit,  we  shall  have  (2614) 

2  r  X  B  =  v", 
lod  consequently 

_  V 
**"  2s' 

We  find,  therefore,  the  radius  vector  of  the  moon's  orbit  by  divi- 
ding the  square  of  its  linear  velocity  by  twice  the  space  through 
which  it  would  fall  towards  the  earth  in  the  unit  of  time.  But  this 
ndiofl  vector  is  the  distance  of  the  moon's  centre  from  the  common 
entre  of  gravity  of  the  earth  and  moon.  The  distance  of  that 
point,  therefore,  from  the  centre  of  the  earth,  and  consequently  the 
iitio  of  the  masses  of  the  earth  and  moon,  will  be  thus  found. 

All  these  methods  give  results  in  very  near  accordance,  from 
which  it  is  inferred  that  the  mass  of  the  moon  is  not  less  than  the 
aerenty-fiflh,  nor  greater  than  the  eightieth,  pl^rt  of  the  mass  of  the 
earth,  and  it  is  consequently  the  twenty-eighth  millionth  part  of  the 
mtM  of  the  sun. 

2645.  To  determinr.  tJie  masses  of  the  satclUtrs,  —  The  same  dif- 
fienlties  which  attend  the  determination  of  the  masses  of  the  planets 
not  aeoompanied  by  satellites  also  attend  the  determination  of  the 
miBOCti  of  satellites  themselves,  and  the  same  methods  are  applicable 
to  the  solution  of  the  problem.  The  masses  of  the  patellitcs  of  Ju- 
piter and  the  other  6U|)erior  planets  are  ascertained  in  relation  to 
those  of  their  primaries  by  the  disturbing  effects  which  they  produce 
upon  the  motions  of  each  other. 

2646.  To  determine  the  densities  of  the  bodies  of  the  system,  — 
Hie  mssaes  and  volnmes  being  ascertained,  the  densities  are  found 
bj  diving  the  masses  by  the  volumes.     Thus,  if  d  and  1/  be  the 


that  in  the  inyestigfttion  of  the  Bapei&ndl  eonditkm 
of  the  other  bodies  of  the  solar  system,  the  detera 
tensities  of  the  forces  with  which  they  attract  bo 
near  their  sarfaoes,  is  a  problem  of  eonsiderable  ic 
If  the  mass  of  tho  earth  be  expressed  by  M,  it 
r,  and  the  force  of  gravity  on  its  surface  by  g^  w 
express  the  same  physical  quantities  in  relation 
haying  the  form  of  a  globe,  we  shall  haye 

because,  by  the  general  law  of  grayitation,  the  foi 
ratio  of  the  masses  and  the  inyerse  ratio  of  the  sqns 
body  from  their  centre,  and  in  this  case  the  atti 
supposed  to  be  at  their  surfaces,  those  distanoea  i 
diameters. 

From  the  preceding  proportion  may  be  inferred 

by  which  the  superficial  gravity  may  always  be  a 
ratios  of  the  masses  and  the  diameters  are  known. 
2648.   Superficial  gravity  on  the  sun,  —  The 
being  355,000  times  that  of  the  earth,  while  its 
times  that  of  the  earth,  we  shall  have 

9  ■!/    •  ^  '   12,100  "-"''• 


Mrth. 


r 


THB  SOLAR  8T8TEM.  28 

diameter  of  Ifao  moon  is  about  the  fonrth  part  of  that  of  tht 
h.    We  haye,  therefore^  in  the  oaie  of  the  mooo, 

^^^==^   ''   80  =  6' 

the  jnperficial  gravity  on  the  moon  is  five  times  less  than  on 
Wnan  we^hing  1-5  cwt  on  the  earth  wonld  only  weigh 
a^m  lbs.,  if  transferred  to  the  moon. 
^650.  ClttMtiJicaium  of  the  planets  tn  three  growps.  —  First 
^  —  ike  urrtitrial  planets,  —  Of  the  planets  hitherto  discov- 
L  time  whMi  present  in  several  respects  remarkable  analogies 
HO  entli,  tsfi  whoee  orbits  are  included  within  a  circle  which 
eeda  the  earth's  distance  from  the  sun  by  no  more  than  one-half, 
«  been  from  these  circumstances  denominated  terrestrial 
Lmjbts.  Two  of  these,  Mbrcvrt  and  Venus,  revolve  within  the 
of  the  earth;  and  the  third,  Mars,  revolves  in  an  orbit  outside 
of  the  earth,  its  distsnoe  from  the  earth  when  in  opposition 
M  only  half  the  earth's  distance  from  the  sun. 
toSl.  Second  aroup  —  the  planetoids.  —  A  chasm  having  a 
^  memsoring  bttle  less  than  four  times  the  earth's  distance, 
taled,  for  many  ages  after  astronomy  had  made  considerable 
^MBy  the  terrestriu  planets  from  the  more  remote  members  of 

^101.     The  labours  of  observers  during  the  last  half  century, 
|y  during  the  last  seven  years,  have  filled  this  chasm  with 
!aB  than  twenty-three  planets,  distinguished  from  all  the  other 
•  of  the  system  by  their  extremely  minute  magnitudes,  and  by 
iieomstance  of  revolving  in  orbits  very  nearly  equal.     These 
I  have  been  distinguish^  by  the  name  of  asteroids  or  plan- 
«y  the  latter  being  preferable  as  the  most  characteristio  and 
mte. 

2.  Third  group—the  major  planets, — Outside  the  planetoidsi 

enormous  distances  from  the  sun  and  from  each  other,  revolve 

anets  of  stupendous  magnitude  —  named  Jupiter,  Saturn, 

rs,  and  Neptune  :  the  two  former  being  visible  to  the  naked 

re  known  to  the  ancients;  the  two  latter  are  telescopic,  and 

toovered  in  modem  times. 

CHAP.  XIII. 

THE  TERRESTRIAL  PLANETS. 

I.  Mercury. 

^uriod,  —  The  nearsst  of  the  planets  to  the  sun,  and  that 
platfli  ity  revolution  in  the  shortest  time,  is  Mercury. 


•lue  pcnod  ia  found  to  be  87*97  da3'8. 

If  the  earth's  period  be  expressed  b^ 
therefore,  be  0-24U8. 

2654.  Hilux'vntric  ami  si/noiltc  motion 
centric  motion  is,  therefore  (*25GS), 

1296000  ^  ^ 

8797 

The  mean  daily  synodic  motion  is  (25G0) 

a  =  a  —  *  =  14732"-5  -  3548"-2  =.  Uli 

2655.  DUtanre  (letrmiineJ  hi/  yrcntest 
the  ellipticity  of  the  planet's  orbit,  its  grea 
to  some  variation.     Its  mean  amount  is,  ho* 
the  radius  r  of  the  planet's  orbit,  drawn  frc 
at  the  point  of  its  greatest  elongation,  were  tl 
the  earth's  distance  from  the  sun  as  radius, ' 

r  =  ??-e"^?  X  22-5  =  37,S 
0  r  3 

But  the  radius  r  being,  in  fact,  the  sine  of 
itself,  the  value  of  r  is  a  little  less,  lx;ing  abou 

2656.  Bi/  the  harmonic  /air.  —  If  r  expr 
planet,  that  of  the  earth  being  1,  we  shall  h 

1^=  0-2408*  =  0-387 

The  distance  of  the  planet  is,  therefore,  O-Sj: 
tancc  of  the  earth  being  05  millions  of  mile 
mean  distance  of  the  planet 
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itaDoe  u,  therefore,  nibiect  to  a  TariatioD  in  the  ratjo  of  5  to 

meaa  distances  of  the  planet  from  the  earth  are,  tberefbre, 
95  —  36}=    5d(  mill,  of  miles  at  iof.  ooDJ. 
95  +  36i  =  181i        "        "        Bup.  conj. 

»  are  sabject  to  an  iDcrease  and  diminution  of  aeven 
Milliona  of  milea  due  to  tbe  eccentricity  of  the  orbit 
^nd  one  million  and  a  half  of  milea  dne  to  the  eocen- 
Ut  of  the  earth. 

[  of  Ae  orbit  relativefy  to  that  of  the  ear  A.  — The 

•and  a  part  of  that  of  the  earth  are  exhibited  on 

A  in  Jig.  746,  where  s  e  ia  the  earth  'a  distanee  from 

the  BUD,  and  mm"  m  the  orlut  of 

I   the  planet.     The  linea  k  m"  drawn 

I   from  the  earth  tonching  the  orbit  of 

the  planet  determine  the  poeitiong 

of  tbe  planet  when  its  eloDeadoD  ia 

greatest  east  aed  west  of  tne  snn. 

The  points  m  are  tbe  poaitiona  of 

the  planet  at  inferior  and  auperior 

ooojunctioD. 

2659.    Apparent  motum  of  A« 
'   planet.  —  The  e^eta  of  the  oombi- 
nation  of  the  orbital  motiona  of  tbe 
I   planet  and  the  earth  upon  tbe  appa- 
rent place  of  tbe  planet  will  now  be 
easily  comprehended. 

Since  the  mean  value  of  the 
greatest  elongation  in"SB==22)0, 
the  arc  mm"  ^=671°,  and  therefore 
in"mm"— eTJ'x  2  =135°.  The 
times  of  the  greatest  elongations 
I  w«st  therefore  divide  the  whole  sjnodio  period  into  two 
parts,  in  one  of  wbioh,  that  from  tbe  Kreateat  elongation 
Dngh  inferior  conjunction  to  the  greatest  ^ongation  west,  the 
gains  upon  the  earth  135°  ;  and  in  the  other,  that  from  the 
elongation  west,  throngh  superior  conjunction  to  tbe  greatest 
at  east,  it  gains  360° — 135°  =  225°.  Since  tbe  parts 
ieb  the  sjnmlic  period  ia  tbna  divided  are  proportional  to 
uries,  thev  will  be  (taking  tbe  synodic  period  in  round  Dum- 


yit.7t>. 


135 


116  =  43}  days; 
116  <=  72}  dayi. 
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And  asM  tb«  fbnner  loterval  ii  divided  aqwDj  l»j  tk»  epiHk  rf 

inferior,  and  the  htter  b;  the  tpocb  of  Buperior,  oonjnwtiaa,  il  tf 
lows,  that  the  intcrvala  between  inferior  conjoDctiMi  and  ffmlmi 
eloDgation  are  21j  daj's,  md  the  intemla  betirMB  raptsur  «i> 
junction  and  greatuiic  elongation  are  Z^i  days. 

The  intervtJ  iKtireen  the  tinieB  at  which  the  planet  i| 
before  sod  after  iofurjor  coDJunction,  ia  subject  to  ■ 
owing  to  the  eccentricities  of  the  orUts  both  of  tbe^ 
earth,  but  chiefiy  to  that  of  the  planet's  orbit,- 
kbla.     If  ile  mean  value  be  taken  at  i'2  days,  the 
the  planet  on  the  earth  in  that  interval  being 

S"-!!  X  22  =  68''-4, 
the  asgalar  distances  of  the  points  at  which  tbe  planet  is  station^ 
from  inferior  conjuoction  as  sceo  from  the  sun  wnaM  be  31°^, 
which  would  oorrespood  to  an  elongation  of  about  21°,  as  s^pd  froB 
the  earth.  This  result,  however,  is  sul^eot  to  ver;  great  rarittlion, 
owing  to  the  eocenlricity  of  the  plitl^'s  ^^t  and  other  causes. 

2660.  Coaditkmi  wlikh  J'lii^ur  th^^'^ftrvaliion  f,f  an  infiiw 
tttanet.  —  Theae  conditions  are  threefoM;>J.  The  magnitads  flt 
that  portion  of  the  enlightened  hemisphere  which  is  prceenl^d  M 
the  earth.  2.  The  elongation.  3.  The  proiimity  of  the  plMrt  tt 
the  earth. 

Since  it  happens  that  the  positions  which  render  soiue  of  thet 
conditions  most  favourable  render  others  less  eo,  tbo  dotenaimtiai 
of  the  position  of  greatest  apparent  brightaesn  is  ■aimwh>t  eonpt 
cated.     When  the  planet  is  nearest  to  the  earth,  iu  imtk  Im- 
sphere  is  presented  towards  us  (2595);    beaiika  vfaidif  bong  if 
inferior  conjunction,  it  rises  and  sets  with  the  snn,  md  it  a^fjtt 
•ent  in  the  day-time.     At  small  clongatHm  in  tha  infaior  puf^ 
the  orbit,  its  distance  from  the  earth  is  not  much  angmented,  bit 
it  ia  bUU  overpowered  by  the  sun's  light,  and  would  only  »ffeu  M  , 
&  thin  crescentwhen  it  would  be  possible  to  see  it     At  the  fci iif w^  i 
elongaUon,  when  it  is  halved,  it  is  most  removed  from  the  intac>  I 
ference  of  the  sun,  but  is  brightest  at  a  less  elonption,  even  thoo^  ' 
it  moves  lo  a  greater  distance  from  the  earth,  since  it  gains  more  hy 
the  increase  of  its  phase  than  it  loses  by  increased  distanoe  sod 
diminished  elongation. 

Owing  to  the  very  limited  elongation  of  Mercury,  that  plaes^ 
even  when  its  apparent  distanoe  from  the  sun  ia  greatest, sets  in  the 
evening  long  before  the  end  of  twilight;  anc^when  it  riaw  beftn 
the  sun,  the  latter  luminary  rises  so  soon  aftwr  it,  that  it  is  iwm 
free  from  the  presence  of  ho  much  solar  light  as  to  render  it  ex- 
tremely difficult  to  see  the  planet  with  the  nuked  eye. 

lo  these  latitudes,  Mercury  is  therefore  rarely  seen  wilb  Ihi 
naked  eye.      It  is  said   that  Copemiotu  himself  norer  hw  Oil 
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a  circaiDstanoe  whioh^  Lowever,  may  have  been  owing,  in  a 

greOy  to  the  nnfavourable  climate  in  which  be  resided.     In 

titode?,  where  the  diurnal  parallels  are  more  nearly  vertical 

atmosphere  less  clouded,  it  is  more  frequently  visible,  and 

18  more  conspionous,  owing  to  the  short  duration  of  twi- 

Kameter, — its  mean  and  extreme  values. — 
[on  of  the  planet's  distance  from  the  earth,  its 
keter  is  subject  to  a  correspouding  change.  At  its 
m(S^  apparent  diameter  is  4}",  and  at  its  least  dis- 
{"ylts'yaill^  >^  ^^0  mean  distance  being  6}". 
ipparent  diameter  of  the  moon  being  familiar  to  every  eye, 
a  convenient  and  instructive  comparison  by  which  the  ap- 
lagnitudes  of  other  objects  may  be  indicated,  and  we  shall 
it  frequently  for  that  purpiise.  The  disk  of  the  full  moon 
9  an  angle  of  1800"  to  the  eye.  It  follows,  therefore,  that 
irent  diameter  of  Mercury,  wlicn  it  appears  as  a  thin  crescent 
erior  conjunction,  is  about  the  150th  part,  near  the  greatest 
on  it  is  the  280th  part,  and  near  superior  conjunction  the 
art,  of  the  apparent  diameter  of  the  moon.  With  a  mag- 
power  of  140,  it  would  therefore,  at  its  greatest  elongation, 
irith  a  disk  half  the  apparent  diameter  of  the  moon. 
.  Real  diameter.  —  The  distance  of  Mercury  in  inferior  con- 
1  being  36}  millions  of  miles,  the  linear  value  of  1"  at  it 
[2298) 

59,250,000      „o^  „     ., 

— —  =  287-2  miles. 

206,265         ^^ '  ^  *"  «^ 

distance  its  apparent  diameter  is  Hi'';  and  if  d' express  its 
meter,  we  shall  have 

1/  =  287-2  +  11  25  =  3231  miles. 

bservations  make  the  diameter  somewhat  less,  and  fix  it  at 

ilea. 

.    Volume.  —  If  v'  express  the  volume,  that  of  the  earth 

•  we  shall  have 


v'  _  d"  _  /323iy 1_ 

V  ""  I?  "■  ^7i)T2^  ""  14-6 


Vif.747. 


The  volume  is  therefore  less  than  the 
14th  part  of  that  of  the  earth.  If  the 
lesser  estimate  of  the  diameter  of  Mercury 
be  adopted,  it  will  follow  that  its  volume  is 
about  the  17th  part  of  that  of  the  earth. 
The  relative  volumes  are  represented  by  M 
and  £,  Jig.  747. 

2664.  Mass  and  densiiy.  —  Some  uooeiw 


M  1225 

io  that  the  mass  is  12}  times  less  than  that 
If  &  and  d  express  the  densities  of  the  p 
shall  therefore  have 

rf  ""  M  ^  v' ""  1225  ^   10  "  ; 

Other  estimates  make  it  1*12.  So  that  it  m 
densitj  of  Mercury  exceeds  that  of  the  ea 
fif^h. 

2665.  Superficial  gravitjf.  —  If  ^  expret 
on  the  surface  of  Mercury,  ^  heing  the  fore 
earthy  we  shall  have  (2639) 

^=—  X  -^=:0-5, 

^        M        D« 

The  superficial  gravity  is  therefore  only  half 
earth.  Muscul^  and  other  forces  not  depe 
therefore  twice  as  efficacious.  The  height  t 
would  fall  in  a  second  would  he  96}  inches 
eight  feet 

2666.  Solar  light  and  heat,  —  The  appan 
sun  is  greater  than  upon  the  earth,  in  the  sam 
is  less;  and  owing  to  the  considerable  elliptic] 
it  has  apparent  magnitudes  sensibly  different 
Mercury's  year.  The  apparent  diameter  of  th* 
earth  being  SO^,  its  apparent  diameter  seen  fro 
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In  fijf.  748,  9,  the  relatira  apparent  m&gDitndea  of  the  bqd, 
Mcn  from  the  uxth  and  from  Merooiy,  at  the  mean  dislaQcc  i 


Fig.  718.  Tit-  749. 

extreme  distances,  are  repreaented  at  e,  u,  m',  and  h".  If  S  be 
■apposed  to  represent  the  apparent  disk  of  the  sun  as  seen  from  tho 
culh,  H  will  represent  it  aa  it  appears  to  Mercary  at  the  mean  dis- 
tance, m'  at  aphelion  and  m"  at  perihelion. 

Knee  the  illuminating  and  heating  power  of  the  sun's  rays,  what- 
trcr  be  the  physical  condition  of  tho  surface  of  the  planet,  must 
TBTj  in  the  same  proportion  as  the  apparent  area  of  the  sun's  disk, 
it  fitllows,  that  the  light  and  warmth  produced  b;  the  bud  on  the 
nrlace  of  the  planet  will  be  greater  in  perihelion  thsD  in  aphelion, 
in  the  ratio  of  9  to  4,  and,  conse<]uentl;,  there  must  be  a  succession 
of  seasons  on  this  planet,  depending  exclusively  on  the  ellipticity 
of  the  orbit,  and  having  no  relation  to  the  direction  of  its  axis  of 
ntition  or  the  position  of  the  plane  of  its  equator  with  relation  to 
that  of  its  orbit.  The  psifsage  of  the  planet  through  its  perihelion 
Bust  produce  a  anmmer,  and  its  passage  through  aphelion  a  winter, 
tbt  mean  temperature  of  the  former  ceterU  parilut  being  above 
twice  that  of  tbe  latter. 

If  the  aiia  of  the  planet  be  inclined  to  the  plane  of  its  orbit, 
uolher  succession  of  seasons  will  be  produced,  dependent  on  such 
iaelinatiun  and  the  position  of  the  c^uinoclial  points.  If  tbcso 
poiiits  coincide  with  the  apsides  of  the  orbit,  the  suramers  and  wjn- 
len  arising  from  both  causes  will  either  respectively  coincide,  or  tho 
nmmer  from  each  cause  will  coincide  with  the  winter  from  tbe 
other.  In  the  former  case,  the  intensities  of  (he  seasons  and  their 
eiEreme  temperatures  will  bo  augmented  by  (he  coincidence,  and  in 
the  latter  they  will  be  mitigated ;  the  summer  beat  from  each  cause 
tempering  the  winter  cold  from  tbe  other. 

If,  on  the  other  hand,  the  line  of  apsides  be  at  right  angles  to 
Ihe  direction  of  the  ctjuinoxe!*,  the  summer  and  winter  from  each 
eanao  wilt  correspond  with  the  spring  and  autumn  from  the  other, 
tod  a  curious  and  complicated  succession  of  seasons  must  ensue, 
depeodinK  on  the  decree  of  obliquity  of  the  nzis  of  the  plane^ 
conpored  with  the  cficcts  of  the  eccentricity  of  its  orbit. 

Id  oompariog  tho  calorifio  influence  of  the  sun  on  Mercnry  and 
25* 


«•»•  .MaMivwtaMrwBv  uMmj  uufc  UO  QIHerBDC  XfOIII  tllfti 

The  inteDsitj  of  the  solar  Hght  most  be  grea 
in  the  ratio  of  four  to  one  ^rhcD  the  planet  is  11 
to  one  Tfhen  in  perihelion.  Its  effects  on  visit 
rendered  the  same  by  the  mere  adaptation  of  t 
of  the  pupil  of  the  eye.     (1129.) 

2667.  Method  of  ascertaining  the  dinmi 
planets.  —  One  of  the  most  interesting  objec 

3 airy  regarding  the  condition  of  the  planets  is 
beir  diamal  rotation.     In  general,  the  manner 
seek  to  ascertain  this  fact  would  be,  by  exami 
telescopes  the  marks  observable  upon  the  disli 
the  planet  revolve  upon  an  axis,  these  marks,  1 
with  it,  would  appear  to  move  across  the  disk  : 
other ;  they  would  disappear  on  one  side,  and,  1 
tain  time  invisible,  would  reappear  on  the  other 
across  the  visible  disk.     Let  any  one  stand  at 
common  terrestrial  globe,  and  let  it  be  made 
axis :  the  spectator  will  see  the  geographical  ma 
pass  across  the  hemisphere  which  is  turned  towai 
successively  disappear  and  reappear.      The  san 
course,  be  expected  to  be  seen  upon  the  seve 
have  a  motion  of  rotation  resembling  the  diui 
globe. 

2568.  DijfficvUj/  of  this  question  in  the  case  c 
is  a  species  of  observation  which  has  not  yet 
made  in  the  case  of  Mercury.  Sir  John  Her 
joyed   more  than  common   advantages   for  teh 
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the  diaooreiy  of  moQntiins  on  Meroary,  and  even  assigns 
their  height^  estimatiog  one  at  2182  jards,  and  another  18,978 
jaids. 

These  ohflerfatioiiB,  not  having  been  oonfinned,  mnst  be  considered 
apoehryphaL 

n.  Venus. 

2670.  Period,  —  The  next  planet  proceeding  ontwarda  from  the 
•an  is  ¥f|po^  which  revolves  in  an  orbit  within  that  of  the  earth, 
aad  whiehy  after  the  snn  and  moon,  is  the  most  splendid  object  in 
the  firmament. 

The  aynodio  period,  ascertained  by  observation,  is  584  days.  Her 
period  deduced  from  this  (2589)  is,  therefore, 

l^__Jl L--L 

p  ■"  865-25      584  ""  225* 

By  the  other  methods  it  is  more  exactly  determined  to  be  224*7 

dm. 

if  the  earth's  period  be  taken  as  the  unit^  that  of  Venus  will, 
therefore,  be  0-61. 

2671.  Hdiocentric  and  tynodic  mottoiu.  —  The  mean  daily 
heUocentrio  motion  of  Venns  is,  therefore  (2568), 

.  =  Ig®^  =  5768"  =  96'18  =  1»B, 
224*7 

aad  the  mean  daily  synodic  motion  is  (2569) 

tf  =  a  —  •  =  5768"  —  3548"  =  2220"  =  37'. 

2672.  Distancey  hy  greatest  elongation,  —  The  mean  amount  of 
treateet  elon^tion  of  Venus  being  found  by  observation  to  be  about 
45^  or  46^,  it  follows  that  in  that  position  lines  drawn  to  the  earth 
and  snn  from  the  planet  wonld  form  the  sides  of  a  souare,  of  which 
tte  earth's  distance  from  the  sun  is  the  diagonal.  If,  therefore,  the 
MTth'a  distance  be  expressed  by  10000,  that  of  Venus  would  be 
0-7071. 

8678.  By  the  harmonic  law, — If  r  express  the  mean  distance  of 
die  i^anet  from  the  sun  (2621),  we  have 

r*=0-6P=  0-719'. 

Therefore  r  =  0*719 ;  and  since  the  mean  distance  of  the  earth  is 
95  millions  of  miles,  we  shall  have 

f/  =  95,000,000  X  0*719  =  68,300,000. 

By  more  exact  methods  the  distance  is  found  to  be  68f  millions  of 


2674.  Mean  and  extreme  diUancee  Jrom  the  earth. — Its  distances 


1-01  = 

i  +  oI= 


:  681  millioM  of  niles  in  | 


2675.  Scale  of  the  orbit  relatii 


These  dUuncca  cf  the  planet  from  the  earth  a 
to  ID  increase  and  dimiDDtioQ,  amounting  to  half 
due  to  the  eccentricity  of  the  planet's  orbit,  an 
miliion  of  miles  due  to  that  of  the  earth's  orbit. 
e  to  that  of  tk 
lion  of  the  oH 
earth  is  repn 
where  e  K  re| 
distance  from 
the  mean  diai 
orbit  on  the 
angles  S  X  v"  i 
est  elongation 
is  about  46°. 
gatioDsi/"KB 
the  planet  ap| 
a  full  disk,  or 
or  M  a  cresoen 
2676.  Apj 
Since  the  m 
greatest  clongi 
to  be  46°,  the 

t/'8E  =  44°, 

the   angle   tf 
ttreen   the   m 
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The  intervals  between  inferior  eonjanction  and  .greatest  elongation 
are  therefore  71 1  days,  and  the  intervals  between  snpericMr  oonjuno- 
tion  and  greatest  elongation  are  220|  days. 

2677.  Statiom  and  retrogre$sion.  —  From  a  comparison  of  the 
orbital  motions  and  distances  of  the  earth  and  planet^  it  is  fouod 
tint  the  epochs  at  which  it  is  stationary  are  about  twenty  days  be- 
Cofo  and  after  inferior  conjunction.  Now,  since  the  planet  ^ius 
0^*61  per  day  upon  the  earth,  this  interval  corresponds  to  an  angle  of 

20  X  0^-61  =  12<»-2, 

■i  the  sani  which  corresponds  to  an  elongation  of  25^. 
The  arc  of  retrogression  is  little  less  than  a  degree. 

2678.  CondiHons  which  favour  the  observation  of  Venus, — ^This 
llmet  presents  itself  to  the  observer  nnder  conditions  in  many  re- 
meti  more  fitvonrable  for  telescopic  examination  than  Mercury. 
The  actoal  diameter  of  Venus  is  more  than  twice  that  of  Mercury. 
It  approaches  nearer  to  the  earth  in  the  inferior  part  of  its  orbit  in 
tke  ratio  of  13  to  30.  It  elongates  itself  from  the  sun  to  the  dis- 
tnee  of  46^,  while  the  elongation  of  Mercury  is  limited  to  22^^. 
The  latter  is  never  seen,  except  in  strong  twilight.  Venus,  espe- 
eiaUj  in  the  lower  latitudes,  is  seen  at  a  considerable  elevaUon  long 
after  the  cessation  of  evening  and  before  the  commencement  of 
morning  twilight,  and  when  she  has  a  gibbous  or  a  crescent  phase. 
The  planet  appears  brightest  when  its  elongation  is  about  40^  in  the 
wapmor  part  of  her  orbit 

2679.  Evening  and  morning  star.  —  Lucifer  and  Hesperus.  — 
This  planet  for  these  reasons  is,  next  to  the  sun  and  moon,  the  most 
eoospicuous  and  beautiful  object  in  the  firmament.  When  it  has 
western  elongation,  it  rises  before  the  sun,  and  is  called  the  morn- 
na  STAB.  When  it  has  eastern  elongation,  it  seta  after  the  sun, 
aiid  is  called  the  eveninq  star. 

The  ancients  gave  it,  in  the  former  position,  the  name  LuciFifR 
(the  harbinger  of  day),  and  in  the  latter  Hesperus. 

2680.  Apparent  diameter. — Owine  to  the  great  difference  be- 
tween its  (ustance  from  the  earth  at  inferior  and  superior  conj  unc- 
tions, the  apparent  diameter  of  this  planet  varies  in  magnitude 
within  wide  limits.  At  superior  conjunction  it  is  only  10",  from 
which  to  inferior  conjunction  it  gradually  enlarges  until  it  becomes 
62^9  and  in  some  positions  even  so  much  as  76".  At  its  greatest 
eloDgation  its  apparent  diameter  is  about  25",  and  at  its  mean  dis- 
tance 16|". 

Thus,  when  the  planet  appears  as  a  thin  crescent  immediately  be- 
fore or  after  inferior  conjunction,  the  maniitude  is  such  that  the 
line  joining  the  cusps  is  the  30th  part  of  the  line  joining  the  cusps 
of  the  crescent  moon,  and  a  telescope  having  a  magnifying  power 
so  greater  than  30  will  show  it  with  an  apparent  size  equal  to  that 
of  the  crescent  moon  to  the  naked  eye. 


■  —  ^^m  mvmmmj 


TflbU       <flJC      ■ 


ppearaoce.  Boo 
aeqaeotlj  contended  that  the  best  position  f< 
iB  near  superior  conjunction,  when  its  phase 
proper  expedients  it  may  bo  observed  at  mi 
grces  of  the  sun*s  disk. 

2682.  Real  diameter.  —  The  linear  value 
she  appears  as  a  thin  crescent  near  her  iuferic 

26,250,000       ,._.     ., 

-206;26r  =  ^2^-2  *°^^' 

At  this  distance  her  apparent  diameter  is  6 
her  real  diameter,  we  shall  have 

d'  =  127-2  X  61  =  7760  i 

The  magnitude  of  Venus  is,  therefore,  nearlj 
earth. 

2683.  Ma$9  and  deimiy. — By  the  methods 
it  has  been  ascertained  that  the  mass  of  Yenu 
of  the  earth  in  the  ratio  of  113  to  100;  and 
nearly  equal,  their  densities  are  also  nearly  eqi 

2684.  Superficial  graviti/.  —  All  the  condii 
gravity  of  bodies  on  the  surface  of  Venus  bein 
so,  as  those  which  allect  bodies  on  the  earth,  tl 
is  nearly  the  same. 

2685.  Solar  light  and  Jieat.  —  The  density 

greater  than  upon  the  earth  in  the  inverse  ra 

the  numbers  7  and  10,  which  express  their  di: 

The  intensity  is,  therefore,  greater  at  Venus  ii 

The  relative  apparent  magnitudes  of  the  sun 
tho  earth  ar«  rAi%«»«»««**«''  -*.  —       ■• 
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itkms  which  might  have  heen  expected  to  demonstrate  it  in  a 
tory  manner  have  heen  obstrnctcd  bj  the  causes  already  no- 
2681).  Nevertheless,  Cassini,  in  the  17th  century,  and 
^r,  towards  the  close  of  the  18th,  with  instraments  very  infe- 
the  telescopes  of  the  present  day,  deduced  from  the  phases 
i  of  rotation  in  complete  accordance  with  the  results  of  the 
loent  observations. 

e  astronomers  found  that  the  points  of  the  horns  of  the 
t  obeerved  between  inferior  conjunction  and  greatest  elonga- 
»peared  at  certain  moments  to  lose  their  sharpness,  and  to 
:  as  it  were  blunted.  This  appearance  was,  however,  of  very 
oration,  the  horn  after  some  minutes  always  recoveriDg  its 
S88.  8uch  an  effect  would  obviously  be  produced  by  a' local 
irity  of  surface  on  the  planet^  such  as  a  lofty  mountain,  which 

throw  a  long  shadow  over  that  part  of  the  surfoce  which 
form  the  point  of  the  horn.  Now,  admitting  this  to  be  the 
if  the  phenomenon,  it  ought  to  he  reproduced  by  the  samo 
lin  at  equal  intervals,  this  interval  being  the  time  of  rotation 
planet.  Such  a  periodical  recurrence  was  accordingly  as- 
ed. 

r.  Observatifms  of  Ca$sini,  Ilerschelf  and  Schrdt4!r.  —  From 
bacT^'ations  the  elder  Cassini,  so  early  as  1667,  inferred  tho 
'  rotation  of  the  planet  to  be  28^*  16*-,  a  period  not  very  dif- 
from  that  of  the  earth.  Soon  after  this,  Bianchini,  an  Italian 
imer,  published  a  series  of  observations  tending  to  call  in 
Jie  result  obtained  by  Cassini,  and  showing  a  period  of  576 

Sir  William  llerachcl  resumed  the  subject,  aided  by  his 
al  telescopes,  in  1780,  but  without  arriving  at  any  satisfactory 
except  the  fact  that  the  planet  is  invested  with  a  very  dense 
•here.  He  found  the  cusps  (contrary  to  the  observations  of 
i,  and,  as  we  shall  see,  of  more  recent  astronomers)  always 
and  free  from  irregularities.  Schroter  made  a  scries  of  most 
ite  observations  on  this  planet,  with  a  view  to  the  determina- 

ita  rotation.  He  considered  not  only  that  he  saw  periodical 
a  in  the  form  of  the  points  of  the  horns,  but  also  spots,  which 
illiciont  permanency  to  supply  satisfactory  indications  of  rota- 
Frora  such  observations  he  inferred  the  time  of  rotation  to  be 
[■■  7"98'*.  From  observations  upon  the  horns,  he  inferred 
at  the  southern  hemisphere  of  the  planet  was  more  mountain- 
in  the  nSrtbem ;  and  he  attempted,  from  observations  on  the 
ess  periodically  produced  on  the  southern  point  of  the  crescent, 
mate  the  height  of  some  of  the  mountains,  which  he  inferred 
>ant  to  the  almost  incredible  altitude  of  twi^ity-two  miles. 
8.  Obt/frvatians  of  MM.  Bier  and  MCidlrr  —  time  of  rota- 
-Although  tho  estimate  of  the  planet's  rotation  resulting  from 
wnrations  of  Schrdter,  corroborating  those  of  Cassini,  has  been 
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ucPopU'ii  bj  the  Boientific  world,  the  queslion  was  not  n- 
s  definitely  setlled  ;   and  a  series  of  observations  wis  mids 
liucr  and  Madler,  between  18;i3  and  1836,  which  weotbr 
m  the  coDi;lusioDS  of  Cassmi  nnd  Scbroter;  and  theclU' 
cnt  observations  of  De  Vico  at  Rome  maj  be  cooeidered  m ' 
I  all  doubt  that  the  period  of  the  planet's  rotation  do«9  ■*, 

\iftom-23V: 

Berr  ami   MwlUr's   tHaffram,  of   !>«»..  —  In  yy.  752,,, 
rented  f,  series  of  rightoeo  diagrams  of  tbo  pluDct,  selected 
much  greater  number  made  bj  MM.  Beer  aid  Meakrit. 
s  iudicutcd  above,     These  drawings  were  takoD  wh€«  tkr 

:;              i              V             9               U           13             15           17 

(<((MC< 
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In  corrolorjtion  of  the  observations  of  Schroter,  it  was  ascertained 
hat  the  southern  cusp  wns  subject  to  greater  and  more  frequent 
;haDges  of  fonn  than  the  northern,  from  which  it  was  inferred  that 
lie  southern  hemisphere  of  the  planet  is  the  more  mountainous. 
[t  18  remarkable  that  the  same  character  is  found  to  prevail  on  the 

BOOS. 

It  was  not  only  observed  that  the  irregularities  of  the  concave 
idge  of  the  crescent  were  subject  to  a  change  visible  from  5"^  to  5" , 
mt  that  the  same  forms  were  reproduced  after  an  interval  of  23}'*', 
nbject  to  an  error  not  exceeding  from  5  to  10  minutes. 

2600.  Mort  rtcent  observations  of  Dc  Vico.  ^-  In  fine,  De  Vico, 
ibserring  at  a  stili  later  date  at  Rome,  favoured  by  the  clear  sky  of 
[taljy  made  several  thousand  measurements  of  the  planet  in  its 
l^pM^  the  ffeneral  result  of  which  .is  in  such  complete  accordance 
lib  those  of  MM.  Beer  and  Madlcr,  that  the  fact  of  the  planet's 
BiyiMi  may  now  bo  regarded  as  satisfactorily  demonstrated,  and 
het.ilB  period  does  not  differ  much  from  23^  15"*. 

•  Directum  of  the  axis  of  rotation  unascertained,  —  If  such 
have  attended  the  luero  determination  of  the  rotation,  it 
^bo  Ottilj  conceived  that  those  which  have  attended  the  attempts 
D  the  direction  of  the  axis  of  rotation  have  been  much 
iBSurmoantable.  The  observations  above  described,  by  which 
fOtation  has  been  established,  supply  no  ground  by  which  the 
of  the  axis  could  be  ascertiiued.  No  spot  has  been  seen 
ilF  dnectioQ  of  whose  motion  could  indicate  that  of  the  axis.  It 
ras  conjectured,  with  little  probability,  by  some  observers,  that  the 
xis  was  inclined  to  the  orbit  at  the  angle  of  75^.  This  conjecture, 
lowever,  has  not  been  confirmed. 

2692.  Ticilight  on  V^nits  am/  Mrrcnr}/.  —  The  existence  of  an 
ixtensive  twilight  in  these  ))!:itiets  has  been  well  ascertained.  Hy 
ibierving  the  concave  e<lge  of  the  crrsi'(jnt  which  corresponds  to  the 
Mmodary  of  the  illuminated  and  dark  hoini.sphf.-res,  it  is  found  that 
he  enlightened  portion  docs  not  teruiinato  sud<]euly,  but  there  is  a 
gradual  fading  away  of  the  liglit  into  the  darkness,  pn>duced  by  the 
land  of  atmosphere  illuminated  by  the  sun  which  overhangs  a  part 
if  the  dark  hemisphere,  and  produces  upon  it  the  phenomena  of 
wilight. 

Simie  observers  have  seen  on  the  dark  hemisphere  of  the  planet 
Vtnus  a  faint  reddish  and  grayish  light,  visiblo  on  partes  too  distant 
Vom  the  illuminated  hctmi!<phi>re  to  bt;  produced  by  the  light  of  the 
an.  It  was  conjectured  that  tluse  olFects  arc  indieations  of  the  play 
)f  some  atmospheric  phenomena  in  this  planet  similar  to  the  aurora 
lorealis. 

In  fine,  it  may  be  stated  geuenilly,  that  so  far  as  relates  to  the 
ihysical  condition  of  the  inferior  planets,  the  whole  extent  of  our 
«rtain  knowledge  of  them  i5,  that  they  arc  globes  like  the  earth, 

lU.  -^0 
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1  and  warmod  by  the  sua ;  that  tbey  are  inveBted  ultfi 
BS  probably  more  dense  than  that  of  the  earth;  and  mix 

et  on  these  planets. 

S/iheroidtil  form  vnasrerlaimd  —  tuiptcted  latrJUb.— 
phenomevia  from  which  the  rotation,  as  well  us  the  dirw- 
e  axis,  might  be  inferred,  is  the  spheroidal  form  of  ibe 
0  ascertain  ihia  by  observations  of  the  diak,  it  would  be 
0  Rcc  the  planet  with  &  full  phase.    liut  when  the  iDferior 

oat  in  the  solar  ligtit.  It  has  been  nevertheless  conlendcd, 
Venus  is  moat  remote  from  her  node,  she  is  gofficienllj 
rom  the  plane  of  the  eoliptio  to  be  observed  with  i  piod 
at  noon  when  in  superior  conjunction.     No  obscrvalim. 
f  this  kind  has  ever  yet  been  made,  and  the  spfaerudil 
e  planet  is  unascertained. 

observers  of  Ibe  last  two  centuries  concurred  in  miiotiin- 
Ihey  had  seen  a  satellite  of  Venus.     Oasaini,  the  elder, 
le  saw  audi  a  body  near  the  planet  on  the  i!5th  of  Ju- 
j^a^soii^^Tt^^ugjstJGS^Shortjh^rfL 
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p  ""  365       780  ""  687' 

The  periodic  time  of  Mars  is  therefore  687  days,  or,  as  appears  by 
more  exact  methods  of  calcalatioo  and  obserratioDy  686*979  days. 

The  earth's  period  being  taken  as  the  unit,  the  period  of  Mars 
vin  therefore  be  1-881. 

2696.  Distance,  — To  compate  by  the  Harmonio  Law  the  mean 
dirtanoe  of  Mara  from  the  sany  we  have  therefore 

l-88«  =  1-5246*. 

Ike  mean  distance  is  therefore  1*5246,  that  of  the  earth  being  the 
w^  and  the  mean  distance  in  miles  is 

95,000,000  X  1-524  =  144,780,000, 

or  aboat  144}  millions  of  miles. 

2697.  Eccentricily  —  mean  and  extreme  distances  frcm  the 
seirtk. — The  eccentricity  of  the  orbit  of  Man  being  about  0*09, 
the  distance  is  subject  to  a  variation,  the  extreme  amount  of  which 
ii  less  than  one-tenth  of  its  mean  value.     The  extreme  distances 


1441  -|-  13  ^  157f  million  miles  in  aphelion. 
144| —  18  :b  181}  million  miles  in  perihelion. 

It  appears,  therefore,  that  the  mean  distances  of  the  planet  frt>m  the 
earth  are 

In  Opposition 144}  —  95  =  49}  million  miles. 

In  Conjunction 144}  -f-  95  =  239}  million  miles. 

In  Quadrature ^  109  million  miles. 

These  distances  are  subject  to  variation,  whose  extreme  limit  is 
aboat  15  millions  of  miles,  owing  to  the  combined  effects  of  the 
eeoentricities  of  the  two  orbits.  Although  the  mean  distance  of  the 
planet  in  opposition  from  the  earth  is  about  half  the  distance  of  the 
im,  it  may  in  certain  positioDs  of  the  orbit  come  within  a  distance 
of  85  hundredths  of  tne  sun's  distance.  In  the  opposition  which 
took  place  in  September,  1830,  the  distance  of  the  planet  was  only 
S8  hundredths  of  the  sun's  mean  distance. 

2698.  Heliocentric  and  synodic  motions.  —  The  mean  daily  He- 
fiooentric  motion  of  Mars  is  (2568) 

.  =  1296000  ^  jg,,gg  ^  3j,j 

oo7 

The  mean  synodic  motion  is  therefore  (2569) 

tf  =  •  —  a  =  3548  —  1886  =  16"-62  =  2r-7. 

2699.  Scale  of  orbit  relativeli/  to  that  of  the  earth,  —  If  8,  fy, 
TS3,  repfesent  the  position  of  the  sun,  and  s  m  the  distance  of  Mars, 
the  orbit  of  the  earth  will  be  represented  by  x  tf'  x^'  £'. 


tod  the  mein  ^me  between  quadrature  tad  oc 

2701.  Apparent  motion.  —  The  variona  oil 
positioiu  of  the  planet  and  sun  during  the 
therefore,  be  easilj  explained.  At  conjuDcti< 
1^",  the  planet  and  sue  pass  the  meridian  to 
the  planet  being  above  the  horizon  ool;  during 
After  coDJunction,  the  planet  paaxca  the  m«ri 
and  ia  therefore  visible  above  the  eastern  horiio 
fore  conjuDctioD  it  passes  the  meridian  io  1 
therefore  viaible  above  the  westeni  horizoD  aAi 

At  the  time  of  the  «eal«ni  quadrature,  the 
planet  Mnn*  ""'  '—-'' 
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M  k  ihmhim  tOme  Om  lwigii»iiMii^y  dttiBg  Ilia  «trlier  purl 
fTAenigM. 

l^^Ae  iatarfd  Mi«  vUeh  toll  vKi^ 

ft  tt«  m,  kug  thftt  dniiiip  wlriflk  it  pMMi  flkom  VMtovn  to  etstem 
I  HaqoA  oppotitiflB  II  in  the  mm  of  Ifan.  104  x 
SOSdajs. 

iStaliPM  omI  i  rtroyrmibii.  -^lllie  eloDgitions  tl  whioh 
Ibn  b  §Mkmnjf  and  the'lengthi  of  hia  aie  of  latrggwion,  Vary 
tt^aoiM  Client  mh  tiia  ^Nnew  of  the  planet  from  the  aon  and 
mk^  vfaidi  diatMOia  depond  on  the  ellipCioity  of  the  two  orlHta, 
HI  the  diieetion  of  thek  Mgor  «na.  In  1864,  Man  wUt  be  in 
■MaiitiBn  on  lat  MarA,  and  will  be  alationary  on  the  17th  Jannafj 
fiKMhApriL    The  ni^t  aaoanaian  on  theae  d^ra  will  be, 


17  Jan n.A. 

lOAfril..— ..LA. 


11»- 19*  82^ 
10    4    66 

14    86 


tt  foDowa,  therefiaiey  that  the  extent  of  retrogreasion  in  right 
will  then  be  14**  86^|  which  rednoed  to  angular  magoi- 

(U*  860  X  15  =  2iy  -  8«  8y. 

2703.  noMet. — At  oppoaition  and  conjuDction  the  same  hemi- 
npbwe  being  tnmedita  «e  earth  and  son,  the  planet  appears  with 
%  fcO  phase.  In  ^l  tAm  positions  the  lines  drawn  from  the 
(iaal  In  the  earth  dU  ann,  making  with  each  other  an  aente  angle 
«f  pmler  or  less  magnitude,  the  nhase  will  be  deficient  of  complete 
Maaas^  and  the  jdanet  will  be  pbboos;  the  more  so  the  nearer  it  is 
toila%nadratnre|  in  whioh  poaiaoft  the  lines  drawn  to  the  earth  and 
am  Bika  the  gieateat  posaible  ande,  which  being  thf  complement 
if  ^BM,  will  be  90^  — 48**  =  22^    Of  the  entire  hemisphere 

preaentod  to  the  earth,  188®  will  therefore  be 

enli|^tened  and  42®  dark.    The  correspooding 

form  of  the  disk,  as  can  easily  be  deduced 

I  I        ^S^      ^  from  the.oommon  principlea  of  prqjectimii  will 


be  that  whioh  is  repnaented  in  &r.  754,  the 
dark  part  being  indioated  by  the  dotted  line. 

The  gPbboaity  will  be  leaa  the  nearer  the 
planet  lypnaehea  to  Ofmoaition  or  ooi\)onction. 
8704.  AfiptttmU  ana  reai  diameter. — The 
apparent  diameter  of  Mars  in  opposition  varies 
tathar  wide  umitiy  in  oonaeqnence  of  the  Tariation  of  its 
the  eaidi  in  that  poailion,  arising  from  the  oauses  ex* 
WIno  al  its  mean  dislanee  at  cmpoaitioD.  the  appa- 

26* 


I|f.fi4 


me  aumefer  v  ox  tne  pltnet  must  be 

D's:  185-7x22  =4085 

2705.  Volume.  — If  V  be  the  volume,  th 
we  have 

V_  f 40851  >_    1 

V  ~  1 7900  I  ■"  7-5  ~ 

The  Yohnne  is  therefore  less  than  the  seyen 
earth.  The  relative  volumes  of  Mars  and  th 
at  M  aod  'Efjig.  755. 

2706.  Afass  and  rfen*iVy.  —  By  the  metl 
been  ascertained  that  the  mass  of  Mars  is 
being  1000. 

Wo  shall  have  for  the  density,  therefore, 

rf  ~  133  ~  ^  "^• 

The  density  is  very  nearly  equal,  therefore,  i 

2707.  Superficial  gravity. — The  snperfici 
mined  by  the  formula  (2639),  wo  shall  have 

?^=jO-54. 
9 

It  appears,  therefore,  that  the  force  of  grav 

Mars  is  a  little  more  than  half  its  intensity 

earth. 

2708.  Solar  light  and  heat.  —  The  mean 

from  1 


THB^  TERRESTRIAL  PLANETS.  807 

Sooe  the  density  of  the  solar  radiation  decreases  as  the  sqnare 
of  the  distance  increases,  its  density  at  Mars  will  be  less  than  at  the 
Ctftli  in  the  ratio  of  4  to  9. 

So  fiir  as  the  iUuminating  and  heating  powers  of  the  solar  rays 
depend  on  their  density,  they  will,  therefore,  be  less  in  the  same 
proportion. 

2709.  Rotation,  —  There  is  no  body  of  the  solar  system,  the 
BMOD  alone  excepted,  which  has  been  submitted  to  so  rigorous  and 
neeessful  telescopic  examination  as  Mars.  Its  proximity  to  tho 
etrth  in  opposition,  when  it  is  seen  on  the  meridian  at  midnight 
with  a  full  phase,  affords  great  facility  for  this  kind  of  observation. 

By  observing  the  permanent  lineaments  of  light  and  shade  cx- 
kibited  by  the  disk,  its  rotation  on  its  axis  can  be  distinctly  seen, 
lod  has  been  ascertained  to  take  place  in  24*^  87"'  10*-,  the  axis  on 
vhieh  it  revolves  appearing  to  be  inclined  to  the  plane  of  the  planet's 
vhit  at  an  angle  of  28^  27'.  The  exact  direction  of  the  axis  is, 
boirover,  still  subject  to  some  uncertainty. 

2710.  Day9  and  nights.  —  It  thus  appears  that  the  days  and 
ngfats  in  Mars  are  nearly  the  same  as  on  the  earth,  that  the  year 
B  diversified  by  seasons,  and  tho  surface  of  the  planet  by  zones  and 
folates  not  very  different  from  those  which  prevail  on  our  globe. 
Fhe  tropics,  instead  of  being  28^  28',  are  28°  27'  from  the  equa- 
tor, and  the  polar  circles  are  in  the  same  proportion  more  extended. 

2711.  Seasons  and  climates.  — The  year  consists  of  668  Martial 
iajs  and  16  hours:  the  Martial  being  longer  than  the  terrestrial  day 
in  the  ratio  of  iwio  97. 

Owing  to  the  edeentrifiity  of  the  planet's  orbit,  the  summer  on 
the  northern  heminphere  is  shorter  than  on  the  southern  in  the  ratio 
of  100  to  79,  but  owing  to  the  greater  proximity  of  the  sun,  the  in- 
tmsity  of  its  light  and  heat  during  the  shorter  northern  summer  is 
greater  than  during  the  longer  southern  summer  in  the  ratio  of  145 
to  100.  From  the  same  causes,  the  longer  northern  winter  is  less 
iadement  than  the  shorter  southern  winter  in  the  same  proportion. 

There  is  thus  a  complete  compensation  in  both  seasons  in  the  two 
hemispheres. 

The  duration  of  the  seasons  in  Martial  days  in  the  northern  hcmi- 
iphere  is  as  follows : — spring  192,  summer  180,  autumn  150,  winter 
147. 

2712.  Observations  and  researches  of  Messrs.  Beer  and  Midler. 
—  It  is  mainly  to  the  persevering  labours  of  these  eminent  obscr- 
veiB  that  we  are  indebted  for  all  the  physical  information  we  possess 
respecting  the  condition  of  the  surface  of  this  planet.  Their  ob- 
Mnrations,  commenced  at  an  early  epoch,  were  regularly  organised 
It  the  time  of  the  opposition  of  1880,  with  a  view  to  ascertain  with 
Mitunty  and  precision  the  time  of  rotation  of  the  planet,  the  posi- 
taon  of  Its  axis,  and,  so  far  as  might  be  practicable,  a  survey  of  its 


ABTRONOMT, 

TbeM  obserratioDB  hsTQ  been  continued  during  erer 

opposition,  in  which  the  planet  bariog  northern  declii 
Wa  sufficient  altitude,  end  wh.b  made  visible  bj  a  l^lesee 
,  of  four  nnd  &  balf  feet  focal  length,  parallMl 
^,  and  moved  by  clockwork,  so  as  to  keep  the  planet  i 
if  view  notniibBtaDding  the  diumal  moUan  of  the 
ftbis  instniineDt  tbey  were  enabled  to  use  a  magnifying 
d  as  tbe  disk  of  Lbe  planet  subtended  in  1830  a 
2",  it  was,  when  thus  magnified,  viewed  under  aa 
T  IKK,  being  nearly  four  times  tbe  apparent  diatu 

|3.  Areographi'c  charoeler.  —  That  many  of  tbe  lines 
kd  are  Breogmpliic,  and  not  atmospheric,  is  establisbed  b 
Itestation  by  their  permanency.  They  are  not  always  i 
n  fiaible  not  always  equally  distinct;  but  are  obeer 
e  same  forms,  no  matter  bow  distant  may  be  tbe  iai 
■ch  tbey  may  be  submitted  to  eiamination.  The  eh 
Bhes  and  observations  of  MM.  Beer  and  M^ler,  whiol 
JA  with  the  opposition  of  1830,  were  continued  with  unia 
lly  in  every  succeeding  opposition  of  the  planet  for 
a  the  larying  declination  and  the  state  of  the  w 


?^' 


f.v 
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ented  the  appemnoe  of  t  danling  whiteness,  and  one  of  them 
to  exactly  defined  and  so  sharply  terminated,  that  it  seemed 
the  fiill  disk  of  a  small  and  very  hrilliant  planet  projected  upon 
iisk,  and  near  the  edge  of  a  larger  and  darker  one.  The  ap- 
■Dce,  poeitiony  and  changes  of  these  white  polsr  spots  have  sug- 
m1  to  all  the  observers  who  have  witnessed  them,  the  supposi- 
that  they  proceed  from  the  polar  snows  accumulated  during 
bog  winter,  and  which,  during  the  equally  protracted  summer, 
xposnre  to  the  solar  rays,  more  full  by  7^  degrees  than  at  the 
I  of  the  earth,  are  partially  dissolved,  so  that  the  diameter  of 
mow  circle  is  diminished. 

he  increase  and  diminution  of  this  white  circle  takes  place  at 
ihs  and  in  positions  of  the  axis  of  the  planet,  such  as  are  in 
plete  accordance  with  this  supposition. 

ri6.  PiMition  of  areographic  meridians  determined, — ^The  leg 
foot-shaped  spot  marked  />  n  in  the  southern  hemisphere,  was 
Jietly  seen  and  delineated  in  all  the  oppositions.  This,  was  one 
be  spots  from  the  apparent  motion  of  which  the  time  of  rota- 
was  deduced. 

he  spot  a  in  the  southern  hemisphere  connected  with  a  large 
eent  spot  by  a  sinuous  line,  was  also  one  of  those  whose  position 
most  satisfactorily  established.  This  spot  was  selected  as  the 
Tvatory  of  Greenwich  has  been  upon  the  earth,  to  mark  the 
idiin  from  which  longitudes  are  reckoned, 
lie  spot  efh^  chiefiy  situate  in  the  southern,  but  projecting  into 
northern  hemiiphefe  between  the  00th  and  105th  degrees  of 
(itode,  was  also  well  obteiVed  on  repeated  occasions. 
lecording  to  Madler,  the  reddish  parts  of  the  disk  are  chiefly 
IS  which  correspond  to  40^  lobg.  and  15^  lat.  S. 
1m  two  conceiraic  dotted  circles  marked  round  the  south  pole 
eate  the  limits  of  the  white  polar  spot  as  seen  on  different  occa- 
I  in  1830  and  1837."  The  redness  of  this  planet  is  much  more 
irkable  to  the  naked  eye  than  when  viewed  with  the  telescope, 
lome  cases,  during  the  observations  of  MM.  Beer  and  M&dler, 
ledneM  was  discoverable,  and  when  it  was  perceived  it  was  so 
;  that  different  observers  at  the  same  moment  were  not  agreed 
I  its  existence.  It  was  found  that  the  prevailing  colour  of  the 
1  was  generally  yellow  rather  than  red. 

idependendy  of  any  effect  which  could  be  ascribed  to  projection 
ireahorftening,  it  was  found  that  the  lineaments  were  always  seen 
much  greater  distinctness  near  the  centre  of  the  disk  than  to- 
ts ill  borders.  This  is  precisely  the  effect  which  might  be  ex- 
id  from  a  dense  atmosphere  surrounding  the  planet. 
riT.  FouiUe  iaUUiie  of  Mart.  —  Analogy  naturally  suggests 
pffobsbility  that  the  planet  Man  might  have  a  moon.  These 
idaiita  appear  to  be  supplied  to  the  planeta  in  augmented  nam- 


••  4nmn  »  Dj  te  the  ■niillml  of  the  top 
if  such  existed,  miut  be  extfemely  smeU. 
Jomter  if  odIj  tlie  forty-third  part  of  th 

and  a  satellite  which  would  oolj  be  the  i 
ameter  of  Mars,  would  be  uoder  one  huE 
Such  an  object  eould  scarcelj  be  diaeoTen 
■copes,  especially  if  it  do  not  recede  hi 
planet. 

The  fact  that  one  of  the  satellites  of  Sa 
only  within  the  last  few  years,  renders  it  nt 
that  a  satellite  of  Mars  may  yet  be  disooYei 


^^^^»^^wwwv^^v^'vw^^^<»^^^»/w>^»»^»'^»^»»/N<'<^»v 


CHAP.  XIV. 

TBI  PLANETOIDS. 

2718.  A  vacant  place  in  the  planetary  m 
epoch  in  the  progress  of  astronomy  it  was  < 
gression  of  the  distances  of  the  planets  from 
ised  by  a  remarkable  numerical  harmony,  ii 
breach  of  continuity  existed  between  Mar 
arithmetical  progression  was  first  loosely  not 
was  not  until  towards  the  dose  of  the  last 
exact  conditions  of  the  law  and  the  close  d 
with  which  it  was  fulfilled.  ur^fK  fU-  — 
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e  soooemon  of  oaleukted  distances  from  Mercury's  orbit, 
11  enctly  fulfil  it  in  juxtaposition  with  the  actual  distances 
linets,  the  earth's  distance  from  the  sun  being  the  unit. 


CtfMtaM  mrtwM  ftMillMny. 

Ae(Ml  DIfBDw  tfm  Mwrtnty. 

'••••••••••••••••••^■■••••••a  •••••••••• 

(^3302 

wnu 

1-3448 

2*6696 

5-8792 
10-7584    . 
21-6168 

0-3862 
0*6120 
1-1866 

4-8157 

9-1617 

18-7968 

teMt  ^ ^ 

(•»•••••••••«•••••••••••••••• •■••••••• 

nparing  these  numbers,  it  will  be  apparent  that  although 
flsicm  3  distances  does  not  correspond  precisely  with  a  nu* 
leries  in  duple  progression,  there  is  nevertheless  a  certain 
to  such  a  series,  and  at  all  events  a  glaring  breach  of  con- 
etween  Mars  and  Jupiter. 

ds  the  close  of  the  last  century,  professor  Bode  of  Berlin 
iiis  question  of  a  deficient  planet,  and  gave  the  numerical 
on  which  indicated  its  absence  in  the  form  in  which  it  has 
a  stated;  and  an  association  of  astronomers  was  formed 
e  auspices  of  the  celebrated  Baron  de  Zach  of  Gotha,  for 
38S  purpose  of  organising  and  prosecuting  a  course  of  obser- 
ith  the  special  purpose  of  searching  for  the  supposed  undis- 
Dcmber  of  the  solar  system.  The  very  remarkable  results 
kve  followed  this  measure,  the  consequences  of  which  have 
yet  been  fully  developed,  will  presently  be  apparent. 

Discovery  cf  CereM.  —  On  the  first  day  of  the  present 
PkQ&ssor  Piazzi  observing  in  the  fine  serene  sky  of  Palermo, 
i  tmall  star  of  about  the  7th  or  8th  magnitude  which  waa 
taied  in  the  catalogues.  On  the  night  of  the  2nd  again  ob- 
1^  he  found  that  its  position  relative  to  the  surrounding  stars 
iMj  changed.     The  object  appearing  to  be  invested  with  a 

haiCi  he  took  it  at  first  for  a  comet,  and  announced  it  as 
be  scientific  world.  Its  orbit  being  however  computed  by 
r  Gauss,  of  Gdttingen,  it  was  found  to  have  a  period  of 
f»f  and  a  mean  distance  from  the  sun  expressed  by  2-785, 
be  #arth  being  1. 

mpariDg  this  distance  with  that  given  in  the  preceding  table 

ft  planet  was  presumed  to  be  absent,  it  will  be  seen  that 

ift  ihna  discovered  filled  the  place  with  striking  arithmetical 


jmTe  to  this  new  member  of  the  system  the  name  Csaca. 

Ibuioovcry  of  PalloB.  —  Soon  after  the  discovery  of  Cerea 

li  fiiHSg  into  oonjunotion  oeaaed  to  be  visible.    In  seareh- 
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I  for  it  after  emerging  from  the  sud'a  rays  in  March 

tired  on  the  28th  a  small  star  in  the  constellatioi 

I  place  which  he  had  examined  in  the  Wo  preceding  n 

u  he  knew  that  no  such  object  was  then  apparent.     I 

Btur  of  the  Beventh  magnitude,  the  smallest  which 

jut  a  teWcopo.     In  the  course  of  a  few  hours  he  fin 

I  visibly  changed  in  reldtion  to  the  surronndtng  etan. 

lobject  proved  to  be  another  planet  hearing  a  striking; 

t,  nnd  what  vrai  then  totally  unprecedented  in  A 

ng  in  an  orbi!  at  very  nearly  the  game  mean  diatana 

and  having  therefore  nearly  the  same  period. 

'.  Olbcrs  called  this  pknet  Pallas. 

21.    O/ben'  hj/poihegU  of  a  fractured  phnel.  — Tlj 

:e,  combined   with  the   ciccptional  minuteness  of 

pets,  suggested  to  Olbcrs  the  startling,  and  then,  aa  ik 

cured,  extravagantly  improbable  hypolhesi.q,  that  a  ni 

'  e  ordinary  magnitude  existed  formerly  at  the  distanpl 

ode's  analogy,  —  that  it  was  broken  into  small  fragmi 

Internal  explosion  from  EOme  cause  analogous  U>  valen 

"iaion  with  a  counet, — that  Ceres  and  Pallas  were 


I 
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■otitj  far  exceeding  the  entire  Inclination  of  any  of  the  older 

laetB. 

fl  waa  farther  observed  by  Dr.  Olbers,  that  at  a  point  near  the 
■w^jwg  node  of  Pallaa  the  orbits  of  the  two  planets  very  nearly 
B0ided. 

rhiu  it  appeared  that  all  the  conditions  which  rendered  these 
lioa  exceptional,  and  in  which  they  differed  from  the  other  mem- 
«  of  the  solar  system,  were  precisely  those  which  were  consistent 
ih  the  hypoUiesis  of  their  origin  advanced  by  Dr.  Olbers. 

2T22.  Durovery  of  Juno.  —  A  year  and  a  half  elapsed  before 
f  farther  discovery  was  produced  to  favour  this  hypothesis.  Mean- 
iky  observers  did  not  relax  their  zeal  and  their  labours,  and  on 
pt  I9  1804,  at  ten  o'clock,  p.m.,  Professor  Ilarding,  of  Lilien- 
il,  disoovered  another  minute  pUnet,  which  observation  soon 
md  to  agree  in  all  its  essential  conditions  with  the  hypothesis  of 
bn,  having  a  mean  distance  very  nearly  equal  to  those  of  Ceres 
1  Fallaa,  an  exceptional  obliquity  of  13^^  and  a  considerable 
ntrioity. 

nifl  planet  was  named  Juno. 

Jnno  baa  the  appearance  of  a  star  of  the  8th  magnitude,  and  a 
tdiah  colour.  It  was  discovered  with  a  very  ordinary  telescope 
80  inches  focal  length  and  2  inches  aperture. 

8728.  Discovery  of  Vesfu.  —  On  the  29th  of  March,  1807,  Dr. 
bera  diaoovered  another  planet  under  circumstances  precisely 
dbr  to  those  already  related  in  the  cases  of  the  former  discoveries. 
10  name  Vesta  was  given  to  this  planet,  which,  in  its  minute 
umitode  and  the  character  of  its  orbit,  was  analogous  to  Ceres, 
ifiaa,  and  Juno. 

Yoita  ifi  the  brightest  and  apparently  the  largest  of  all  this  group 
plaoMtBy  and  when  in  opposition  may  be  sometimes  distinguished 
good  and  practised  eyes  without  a  telescope.  Observers  difier  in 
nr  impressions  of  the  colour  of  thb  planet.  Harding  and  other 
vman  observers  consider  her  to  be  reddish ;  others  contend  that 
0  is  perfectly  white.  Mr.  Hind  says  that  he  has  repeatedly  ex- 
lined  her  under  various  powers,  and  always  received  the  impres- 
ta  of  n  pale  yellowish  cast  in  her  light. 

S724.  Diicovery  of  the  other  Planetoids,  —  The  labours  of  the 
mfCTB  of  the  beginning  of  the  century  having  been  now  prose- 
tod  for  some  years  without  further  results,  were  discontinued,  and 
is  probable  that  but  for  the  admirable  charts  of  the  stars  which 
{ve  been  since  published,  no  other  members  of  this  remarkable 
0^  of  planets  would  have  been  discovered.     These,  howevcTi 

in.  27 
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I  Mne  of  the  firmatuent  30°  in  width,  eitending  to 
e  of  the  celestial  equator, supplied  ao  imporUDt  an4 
utneot  of  rcflearch,  that  the  aubjoct  was  again  reaan 
-  prospect  of  BUoceSHful  results.      It  wan  odIj  necn 
TVer,  map  in  hand,  to  einmine,  degree  b;  degree,  t! 
vbioh  such   bodies   are  known  to  move,  and  tn  cam| 
the  beavcDB  with  the  map.     When  a  star  is  obseire 
marked  on  the  map,  it  is  watched  from  hour  to  hi 
ght  to  night.     If  it  do  not  change  its  position  it  i 
that  it  has  been   omitted  in   the  construction  of  1 
n  marked  upon  it  in  iu  proper  place.     If  it  change 
nuBt  be  inferred  to  be  a  planet,  and  its  orbit  is  aOC 
am  i(a  observed  changes  of  position, 
beso  means  M.  Henke,  an  amateur  observer  of  Dn 
,  discovered  on  the  8th  December,  1845,  anollMC, 
lonela,  which  has  been  named  Astnea. 
3  that  time  the  progress  of  planetary  discovery  id  I 
has  advanced   with   cstraordinary  rapidity.      Three 
^covered  in  1847,  one  in  18-18,  one  in  184!l,  th[«e  i 
185Ijiiid^i^no^o^efl^ha^iahU^g52^^ 

THVnARXTaiD& 
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2785.  Tahle  tkowing  the  number  of  Planetoids  dimsovered  he/ore 
Iti  January^  1853,  the  names  con/erred  upon  them^  their  discover- 
en,  and  the  dates  of  their  discovery. 


DiMOfsrar« 

WlMB  diMOTcrad. 

FUee  o#  ObMrvalioa. 

0mm. 

PluiL 

Jan.  1,  laOl. 

Palemo. 

PallM. 

Olben. 

Mareh  SB,  1808. 

Breflsen. 

Jww. 

Hudlnfi 

SapL  1, 1804. 

UllentbaL 

T«fU. 

Olbm. 

Marah  29, 1807. 

Bremen. 

AilnBfti 

Hraks. 

Dee.  8, 1845. 
Jaly  1, 1847. 

DreUsen  (Pmiaia). 

IMm. 

H«nk«. 

Drelwen. 

Irta. 

Hind. 

Ang.  18, 1847. 

London. 

FtoiB. 

Hind. 

Oct.  18. 1847. 
April  25, 1848. 

Mctk. 

Marluee  (Ireland). 

M 

Bygeb. 

DeOMpant. 

April  12, 1840. 
May  11, 1850. 

Naplee. 

11 

PMilwaoy. 

DeOMparla. 

Naplea. 

U 

VktorU     (ealled 
CUohf  Ammrtma 
mtnmom&n). 

Hind. 

8«pt  18,1850. 

liondon. 

18 

Bsmrte. 

DeOMparif. 

Hot.  2, 1850. 

Naplea. 

M 

IMM* 

IIlDd. 

Hay  19, 1861. 

London. 

1ft 

Ennomia. 

DeOMnwris. 

July  20, 1851. 

Naplei. 

f 

17 

TUtiiL 

DeOMparia. 
Luthar. 

Mareh  17,  1862. 
April  17, 1852. 

Naplee. 

BUk  (Duaaeldorl). 

18 

MelpomeiM. 

lIlDd. 

June  24, 1852. 

London. 

18 

1  FortaiM. 

niDd. 

Aug.  22, 1862. 

London. 

90 

MmmIU. 

Charomae. 

Sept.  20,1852. 

Mareeillea. 

n 

LatoUft. 

Ooldfchmit 

Not.  15, 1852. 

Pariii. 

» 

dUloiML 

nind. 

Not.  18, 1862. 

London. 

S8 

Than&. 

Hind. 

Deo.  15, 1862. 

London. 

*  Thb  planet  waa  diaeorered  by  M.  de  Oasparia  four  day*  later,  at  Naplee,  before  that 
■HiiwiiBiBi  bad  reeeif ed  the  information  of  the  dIaooTery  of  Mr.  Hind. 

2726.  The  discovery  of  these  mainly  due  to  amateur  astrono- 
wurs.  —  Dr.  Olbers  was  a  practitioDer  in  mcdicioe,  Messrs.  Hcnke, 
Lather,  and  Ooldsohniit,  amateur  observers,  Mr.  Hiod  has  been 
engaged  in  the  private  observatory  of  Mr.  Bishop,  in  the  Regent's 
Park,  and  Mr.  Graham  in  that  of  Mr.  Cooper,  at  Markree,  in  the 
eoontj  of  Sligo,  in  Ireland.  It  appears,  therefore,  that  of  these 
tweotj-three  members  of  the  solar  system,  the  scientific  world  owes 
BO  km  than  fourteen  to  amateur  astronomers,  and  observatories 
«neted  and  maintained  by  private  individuals,  totally  unconnected 
with  any  national  or  public  establishments,  and  receiving  no  aid  or 
npport  from  the  state.  Mr.  Hind  has  obtained  for  himself  the 
koBKNintble  distinction  which  must  attach  to  the  discoverer  of  eight 
6f  these  bodies.  Five  are  due  to  M.  de  Oasparis,  assistant  astro- 
■omer  ai  the  Royal  Observatory  at  Naples. 

M.  Hermann  Goldschmit  is  an  historical  painter,  a  native  of 
Frankfort  on  the  Maine,  but  resident  for  the  last  eighteen  years  in 
Paris.  He  discovered  the  planet  with  a  small  ordinary  telescope, 
^aeed  in  Uie  balcony  of  his  apartment.  No.  12  rue  de  Seine,  in  the 
Faaboorg  St  Germain. 

2727.  Their  remarkable  accordance  with  Dr,  Olher^  hypothesis. 
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a  orbils  of  Severn!  of  thoao  observed  io  1852  liavs  i 
calcuUl«'d,  but  all  ihnsc  wbich  have  been  tompated  ■ 
I  between  tbe  meiin  distances  2'2  and  '6-'2,  that  (all 
)  magiiitades  of  all  of  these  bodies,  with 
Isceptiong,  aro  too  minute  to  be  aKcertaiaed  by  snj  m 
t  bithertu  dlscnvercd,  and  may  be  inferred  vil 
pility  not  to  exceed  100  niilea  in  diameter.  Tbe  lai 
jottp  is  probably  less  than  500  miles  in  dinmeter.  Il 
(lercfore,  to  be  observed  in  bow  remarkable  a  msna 
a  to  the  conditions  involved  tu  tbe  hypothesis  of  Dr. 
K8.  Force  of  gravity  on  llf  pfnnetoidx.  —  From  the 
If  their  masses,  the  force  of  gravity  on  the  Hurfacea  ( 
^  must  be  very  incoDsidcrable,  and  this  would  accoaii 
I  greater  altitude  of  their  atcno^pheres  than  is  observed 
T  planets,  since  the  same  volume  of  sir  feebly  attracts 
I  into  a  volume  comparatively  enormous.  Muscaht 
I  be  more  efficacious  on  them  in  the  some  proportion. 
biigbt  spring  upwards  sisty  or  eighty  perpendicular  ti 
o  the  ground,  suslJiiniiig  no  greater  shock  than  would 
'    '      '  sfending  from  the  height  of  two  o      ' 
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2730.  /Min/.— -The  lynodio  period  of  Jo|»to  k  eeeeftained  by 
obeerraiiaa  to  be  898  dajt.  Henoe  to  obtain  ita  periodic  time  p, 
we  baTc  (2689) 

1_      1  1  _      1 

p     866-25  ~  898     4^S7 

The  period  is  therefeve  4882-6  dmjn,  or  11-86  yean. 

2731.  BdwcaUfie  and  Slifnodfc  mciiotu. — The  daily  angular 
keliocentrio  motioo  of  Jupiter  ia  therefore 


^  =  00^)88  =  y. 

The  meao  an^  gained  daily  by  the  earth  or  ran  upon  Jupiter,  is 
therefore 

0o«856 — 0«088  =  0^-9026 = 64'-156. 

2732.  Dutonee.  —  The  distance  of  Jnpiter  from  the  ann  may  bo 
eompated  bv  means  of  the  Harmonie  Law  (2621)^  the  poriod  being 
known.    Thia  method  gives 

(ll-83)«  =  (6-2028y. 

The  mean  distance  of  Jupiter  from  the  sun  is  therefore  5  J  times 
that  of  the  earth;  and  since  the  earth's  mean  distance  i8  95  millions 
of  miles,  that  of  Jupiter  must  be  494  millions  of  miles. 

The  eccentridty  of  Jupiter's  orbit  being  0-048,  this  distance  is 
liable  to  Tariationi  being  augmented  in  aphelion  and  diminished  in 
perihelion  by  24  millions  of  miles.  The  greatest  distence  of  the 
planet  from  the  sun  is  therefore  618,  and  the  least  470,  millions  of 
miles. 

The  small  eccentricity  of  the  orbit  of  this  planet,  combined  with 
its  small  inclination  to  the  plane  of  the  ecliptic,  is  of  great  import- 
ance in  ite  effect  in  limiting  the  disturbanees  consequent  upon  its 
mass,  which,  as  will  hereafter  appear,  is  greater  than  the  aggregate 
of  the  masses  of  all  the  other  planets  primary  and  secondary  taken 
together.  If  the  orbit  of  Jupiter  had  an  eccentricity  and  inclination 
18  considerable  as  those  of  the  planet  Juno,  the  perturbations  pro- 
duced by  this  mass  upon  the  motions  of  the  other  bodies  of  the  sys- 
tem, woidd  be  twenty-seven  times  greater  than  they  are  with  its 
present  small  ecoentncity  and  inclination. 

2733.  Rdaiive  9eale  of  the  orbiU  of  Jupiter  and  the  Earth,  — 
The  relative  magnitudes  of  the  distances  of  Jupiter  and  the  earth 
from  the  sun,  and  the  apparent  magnitude  of  the  orbit  of  the  earth 
as  seen  from  Jupiter,  are  represented  in  fitj.  756,  where  the  planet 
is  at  J,  the  sun  at  s,  and  the  orbit  of  the  earth  s  if  s"'  ^\ 

The  direction  of  the  orbital  motions  being  represented  by  the 
arrows,  it  will  be  evident  that  when  the  earth  is  at  E  the  planet  is  in 

27* 


ASTRONOinf. 


TUB  MAJOR  PLANETS.  819 

opporition,  at  ^'  in  coDJanctioD,  at  s'  in  qaadrataro  west,  and  at  t!' 
is  qaadntnre  east  of  the  Ban. 

2734.  AnrnmU  paraUaac  of  Juptier. — Tl&  determine  the  angle 
fi  JE'y  whieh  the  lemi-diaineter  of  toe  earth's  orbit  subtends  at  Jupi- 
ter, or  the  aonvai  parallax  of  the  planet,  it  may  be  assumed  without 
luterial  inezaetnesSi  that  a  b'  is  nearly  equal  to  an  are  described  with 
J  M  oentn,  and  8  J  ai  ndinsy  and  oonsequentlj  (^294) 

5-2     "  ^^  • 

The  annual  paiallax  of  Jupiter  is  therefore  11^,  and  consequently 
tke  orbit  of  the  earth  subtends  at  the  planet  an  angle  of  22^. 

2735.  Vartaiitm  of  dUtancefrom  (he  earth. — Since  the  greatest 
•od  least  distances  J  b"'  and  J  s  of  Jupiter  from  the  earth  are  the 
nun  and  diffBrence  of  the  distances  of  the  planet  and  earth  from  the 
no,  we  shall  have 

«  a^^^  n  494  -f  96  ».  689  mUlions  of  mUes. 
#flMi494-— 96b=899  millions  of  miles. 
Ja^«  ^(494*-. 96*)  =  486  mllUonsof  miles. 

The  extreme  distances  of  the  planet  are  therefore  in  the  ratio  of  6 

to  5  nearij. 
By  the  dHptioity  of  the  earth's  orbit,  the  distances  at  opposition 

ttd  conjanotion  may  be  increased  or  diminished  by  1}  million  of 

ailes,  and  bj  that  of  the  planet's  orbit  by  24  millions  of  miles. 

Fiom  both  caoaes  combined  they  may  vary  from  their  mean  values 

iiore  or  less  by  26}  millions  of  miles. 

2736.  lUprodiffiout  orbital  velocity, — The  velocities  with  which 
tite  planets  move  Uironffh  space  in  their  circumsolar  courses  arc  on 
/&e  same  prodigiooa  scale  as  their  distances  and  magnitudes.  It  is 
i^posaibloi  bytho  mere  numerical  expression  of  these  enormous 
timiitadefl  and  motions,  to  acquire  any  tolerably  clear  or  distinct 
notion  of  them.  A  cannon-ball  moving  at  the  rate  of  600  miles  an 
^our,  would  take  nearly  a  century  to  come  from  Jupiter  to  the  earth, 
iYen  when  the  planet  is  nearest  to  us,  and  a  steam-engine  moving  on 
k  railway  at  fiO  miles  an  hour  would  take  nine  centuries  to  perform 
he  same  trip. 

Taking  the  diameter  of  Jupiter's  orbit  at  1000  millions  of  miles, 
ts  drcaitfference  is  above  3000  millions  of  miles,  which  it  movon 
Ker  in  4888  days.  The  distance  it  travels  is,  therefore,  TOO^O^H) 
miles  per  day,  30,000  per  hour,  500  per  minute,  and  81  per  second, 
•^a  speed  sixty  times  greater  than  that  of  a  cannon-ball. 

2537.  Interval*  between  ojyposition,  conjunction,  and  quadrature, 
—  If  the  distance  of  the  planet  from  the  sun  bore  an  indefinitely 


Althouli  thii  b  Mt  the  flMe^  the  mJ»  fclii  lgrnri«l«#' 
Wag  &  tfan  180*  Vyilw  ligrilwili  li  tkt  imMl/^9^«iifif^ 

nnvd.  ^     -  ■"'jv* 

k  evideDH  thai  the  tine  of  ariafafeg  ihii  a^  idH  hM*"*!?   ' 


nmortioii  to  the  lynodie  period  whieb  the  mmIo  ilnlf  bwn  It 
860^.  Hence,  it  Mowi,  thai  tf  I  azpnM  the Intarfal  Irai  *• 
qnadratuFe  west  to  the  qvadntiiie  eaiti  and  /  the  hilerfal  friai  Ai 
qoadratm  eaal  ta  the  qaadimtae  «M^  «0  akdl  hanra  ;      . 

It  foUowa,  theratoe,  that  the  iftlerfat  beMean  eMaaitioB  uim^ 
dratoie  ii  87|  daja,  and  the  intetral  beimn  eoaMMioB  avifitj 
dntoie  ia  nil  daja.  *  ^ 

These  aie  mean  values  of  the  intervak  whidi  ana  aahjeet  la  nil 
ation  owinff  to  the  eccentricities  of  the  orbits  <^  the  earth  aad  fialtf 

2788.  Jupiter  ha$  no  Bennhle  pkawn. — The  mere  imptdBakit 
the  diagram,  J^.  752,  will  show  that  this  pknei  cannot  be  mmW 
ffibbous  in  any  position.  The  position  in  which  the  eBl%Mil[ 
hemisphere  is  in  view  most  obliqnelj  is  lAen  the  eartii  is  al  tf# 
tTj  and  the  pknet  consequently  in  quadrstniei  and  i 
centre  of  the  Tisible  bemiephere  u  onlj  ll**  distant  fioas  the 
of  the  enliffhteaed  hemisphere  (2784). 

2739.  Appearance  in  the  Jirmament  at  niohi. — Bnee  bl 

qnadratnre  and  opposition  the  planet  k  above  the  hoiiaoB  dail^ 
mater  part  of  the  night,  and  appears  with  a  Ibll  phaoo,  it  k^ 
nvourablj  placed  for  observation  during  6  months  in  18  oMii— 

2740.  StatioM  and  retrogrtmon,  —  From  a  ooapariasc  4#ll|j 
orbital  motions  and  distance  of  Jupiter  and  the  earth,  iS  qppesiew- 
the  planet  k  stationary  at  about  two  months  before  and'tvo  MiB 
after  oppoeitaon ;  and  since  the  earth  gains  upon  the  fhDet  tM  ft 
daily  rate  of  0^*907,  the  angle  it  gains  in  two  BMNitha  aitat  W  ^'"^ 

0*-907  X  61=64<>48.  \^^ 

The  angular  dktance  of  the  points  of  statioo  fknm  epparilta^ 
seen  from  the  sun,  k  therefore  about  54*^,  whiA  eofieapanlaMi 
elonffation  of  114^.  '  :j» 

The  planet  k  therefore  stationary  at  about  68*  en 


Ik  opposition.  •.    fjf 

Its  arc  of  retrogression  k  a  little  less  than  10®,  aad  IhaliBiw 

describing  it  varies  from  117  to  128  daya.  ^ --^'^ 
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2741.  Apparent  aniJ  real  tli'ameteri.  —  Tlin  apparent  Jiameter 
of  Jupiter  when  in  opposition  variea  from  42"  to  48",  Recording  to 
the  relative  positions  of  the  plsnot  and  the  earth  in  their  eltiptia 
etHu.  At  its  raeao  opposition  distance  &om  the  earth  its  appareat 
migaitude  b  45",  In  coajunolion  the  mean  sppsront  diameter  is 
W,  its  vatne  at  the  mean  distance  from  the  earth  being  37}". 
~     At  the  distance  of  399  millions  of  miles  the  linear  value  of  1"  is 


20t)2G5 

d  cooaequcnlly,  the  planet's  diameter  u'  will  bo 
D"  =  1934  K  45  =  87030  miles, 
rding  to  more  accurate  methods,  the  mean  diameter  is  ascer- 
hicd  to  be  88640  miles.     The  diameter  of  Jupiter  is  therefore 
1-18  times  that  of  the  earth, 
I  2732.  Jupiter  a  coii^icuous  object  in  the  Jirmamf^t — relative 
'aidour  o/ Jupiter  and  Mart.  —  Although  Ihe  apparent  magni- 
e  of  Jgpiter  is  less  than  that  of  Vcnns,  the  former  is  a  more  oon- 
d  more  easily  observable  objeet,  inatimach  as  when  in 
isibon  it  is  in  the  meridian  at  midnight,  and  when  its  oppoeition 
I  place  in  winter,  it  passes  the  meridkn  at  an  altitude  nearly 
il  to  that  which  the  sun  has  at  the  summer  solstice.    By  reoi^oD, 
retbrc,  of  this  cirenmstance,  and  the  complete  absence  of  all  siilar 
jbt,  the  splendour  of  the  planet  is  very  great,  whereas  Venus,  even 
k  ihe  greatest  elongation,  desconda  near  the  horizon  before  the 
cessation  of  twilight, 

apparent  splendour  of  a  planet  depends  oonjointly  on  the 

rent  area  of  its  disk,  and  the  intensity  of  the  illumination  of  its 

ca.     The  area  of  the  disk  la  proportional  to  the  square  of  ita 

rent  diameter,  and  the  illumination  of  the  eurfaoc  depends  eon- 

itly  on  the  intensity  of  the  sun's  light  at  the  planet,  and  the 

voting  power  of  the  snrfaoe.     On  comparing  Mars  with  Jupiter, 

I  find  the  apparent  splendour  of  the  latter  planet  much  greater 

I  it  ought  to  be,  as  compared  with  the  former,  if  the  reflecting 

._.er  of  Uiese  surfaces  were  the  game,  and  are  consequently  com- 

dlcd  to  oonctude  that  tbo  surface  of  Mars  is  endowed  with  some 

irsica]  quality,  in  virtue  of  which  it  absorbs  much  more  of  tbc  solar 

ciacnt  upon  it  than  that  of  Jupiter  does.    When  the  Apparent 

r  of  the  latter  is  twice  that  of  the  former,  its  apparent  area  is 

rfoLd  that  of  the  former.     But  the  intensity  of  the  solar  light  at 

Vupiter  is  at  the  same  time  about  thirteen  times  less  than  at  Mors ; 

d  if  the  reflective  power  of  the  surfaces  were  equal,  the  apparent 

lendour  of  Mors  would  be  more  than  three  times  that  of  Jupiter. 

lie  refiecliTO  power  must,  therefore,  be  less  in  a  sufficient  proportion 

ft  explain  the  inferior  splendour  of  Man,  unless,  indeed,  tbe  very 
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Tke  dmrity  of  wdar  ndutioo  being  ia  the  ezaot  proportion  of 
tta  sppuent  Baperficul  nugQitndes  of  the  diaka,  the  illuminitiDg 
and  heating  powera  of  the  son  will,  celerit  paribtu,  be  less  io  tbe 
■ne  propordon  mt  Japiter  tfaui  at  the  euth. 

As  fau  been  already  obserred,  howerer,  this  diminished  power 
as  well  of  illaminatioQ  as  of  warmth,  may  be  eompensated  by  other 
|bjiieal  proTisioos. 

2745.  Rotation  attd  direcltnn  o/tAf  axil.  —  Althoagh  the  linea- 
BMiti  of  light  and  shwle  on  Jopiter's  disk-  art  generally  subject  to 
nriatioDB,  which  prove  them  to  be,  for  the  moat  part,  atmoepheric, 
asrertbeleM  permanent  marks  have  been  oocasionally  seen,  by  tncana 
of  whioh  the  diarnal  rotation  and  tbe  direction  of  the  axis  have 
been  asoertuned  within  very  minute  limits  of  error.  Tbe  earlier 
gbservera,  wKoee  instrnmente  were  imperfect,  aad  observations  con- 
Mqaeatly  inaconrala  comparatively  with  those  of  a  more  recent  date, 
Mcertained  nevertbeleu  the  period  of  rotation  with  a  dc^e  of  ap- 
[TDsimatioa  to  the  results  of  the  most  elaborate  observatioos  of  the 
present  day,  which  is  truly  sorprising,  as  may  appear  by  tbo  fol- 
loving  statement  of  tbe  estimates  of  various  astronomers : — 

II.     u.     s 

CMsini  (IB«6) 9    56 

BilrabcUs „ 0    68 

Behr5ter(178») - B    66    38 

Airy 0    66    21-6 

MiMneT(183e) - 3    65    20-66 

Tbe  estimate  of  Professor  Airy  is  based  upon  a  set  of  observations 
■ade  >t  the  Cambridge  Observatory.  Tliut  of  Madlcr  is  fimoded 
BtMS  a  seriea  of  observations,  commencing  on  the  3rd  of  November, 
1884, and  continued  upon  every  clcnr  night  until  April,  1835,  duriog 
which  iaterral  the  planet  made  400  rcvolatioos.  These  observations 
MM  CkTonred  by  the  presence  of  two  remarkable  spots  near  the 
•qoBtor  of  tbe  planet,  which  retained  iheir  position  unaltered  for 
■annl  months.  The  period  was  determined  by  observing  the  mo- 
Benla  »l  whioh  the  centres  of  tbe  spots  arrived  at  the  middle  of 
tbe  disk. 

Tbe  direction  of  the  apparent  motion  of  tbe  spots  gave  the  posi- 
tioa  of  tha  oqnator,  and  consequently  of  the  axis,  which  is  inclined 
to  tbe  pIsBB  of  the  planet* a  orbit  at  an  angle  of  3°  6'. 

The  lencth  of  the  Jovian  day  is  therefore  less  than  that  of  the 
terreatrial  £j  in  the  ratio  of  596  to  1440,  or  1  to  2-42. 

2746.  JoviaH  yean. — Since  tbe  period  of  Jopiter  is  4332  6  ler- 
iMtrial  daji,  it  will  consist  of 

4332-6  =  10484-9 
JoviaadajB.* 

*  Tbe  day  hara  eoaipatad  ia  the  ridartkl  day,  which,  la  the  ease  of  tbe 
BiMriar  BlaMta,  dWhia  tnm  the  naan  lolar  daf  bf  a  qnantity  >a  inaig- 
ueaat  that  It  may  be  naglMted  in  auah  illiutratioiiB  aa  these. 
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that  the  day  of  Japiter,  instead  of  being  twentj-four  honn, 
m  ten  hours.  This  moon,  therefore,  has  a  month  equal  to 
ore  than  four  Jovian  days.  In  each  day  it  passes  through 
»lete  quarter ;  thus,  on  the  first  day  of  the  month  it  passes 
thinnest  crescent  to  the  half  moon ;  on  the  second,  from 
moon  to  the  full  moon ;  on  the  third,  from  the  full  moon 
it  quarter ;  and  on  the  fourth  returns  to  oonjunodon  with 
So  rapid  are  these  changes  that  they  must  bo  actually 
they  proceed. 

>parent  motion  of  this  satellite  in  the  firmament  of  Jupiter  * 
rate  of  more  than  8^  per  hour,  and  is  the  same  as  if  our 
re  to  move  over  a  space  equal  to  her  own  apparent  diameteri 
less  than  four  minutes.     Such  an  object  would  serve  the 
>f  the  hand  of  a  stupendous  celestial  clock. 

seond  satellite  completes  its  revolution  in  about  eu^hty-five 
1  hours,  or  about  eight  and  a  half  Jovian  days.  H  passesi 
f  from  quarter  to  quarter  in  twenty-one  hours,  or  about 
an  days,  its  apparent  motion  in  the  firmament  being  at  the 
bout  4^*25  per  hour ;  which  is  as  if  our  moon  were  to  move 
ace  equal  to  nine  times  its  own  diameter  per  hour,  or  over 
liameter  in  less  than  seven  minutes. 

lovements  and  changes  of  phase  of  the  other  two  moons  are 
apid.  The  third  passes  through  its  phases  in  about  170 
'  seventeen  Jovian  days,  and  its  apparent  motion  is  at  the 
bout  1^  per  hour.  The  fourth  and  last  completes  its  changes 
oure,  or  forty  Jovian  days,  and  its  apparent  motion  is  at 
of  little  less  than  1^  per  hour,  being  double  the  apparent 
f  our  moon. 

the  inhabitants  of  Jupiter  have  four  different  months  of 
ht,  seventeen,  and  forty  Jovian  days,  respectively. 

EUmgatxon  of  the  satellites.  —  The  appearance  which  the 
of  Jupiter  present  when  viewed  with  a  telescope  of  mode- 
er,  is  that  of  minute  stars  ranged  in  the  direction  of  a  line 
irough  the  centre  of  the  planet's  disk  nearly  parallel  to 
tion  of  the  belts,  and  therefore  coinciding  with  that  of  the 
equator.  The  distances  to  which  they  depart  on  the  one 
ther  of  the  planet,  are  so  limited  that  the  whole  system  is 
within  the  field  of  any  telescope  whose  magnifying  power 
nisiderable ;  and  their  elongations  from  the  centre  of  the 
A  therefore  be  measured  with  great  precision  by  means  of 
micrometers.  I 

the  apparent  diameter  of  the  planet  in  opposition  is  45^, 
test  elongations  of  the  satellites  from  the  centre  ol  the 
diae  are  as  follow:  — 

28* 
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meet  of  the  mtellitefl,  expressed  in  miles,  are  (except  that  of  the 
I  greater  than  the  distance  of  the  moon  from  the  earth-. 

r61.  Harmonic  law  observed  in  the  Jovian  ^stem,  — That  the 
9  law  of  gravitation  which  reigns  throughout  the  material  nni- 
I,  preraik  in  this  system,  is  rendered  manifest  hy  the  accordance 
le  motions  and  distances  of  the  satellites  with  the  harmonic  law. 
he  following  table  numerical  relations  establishing  this  are  ex- 
jcd: — 


f 

D 

P 

D» 

V 

D» 

L 

»o 

48 

219 

1849 

8-6 

n. 

o-s 

86 

885 

722ft 

9r2 

ni. 

16-4 

178 

36S2 

90.ft84 

81 

IT. 

27-0 

400 

10,688 

160,000 

8-1 

tiwnit  of  exact  equality  in  the  numbers  in  the  last  column,  by 
lAt  imlio  of  llie  squares  of  the  periods  to  the  cubes  of  the  dis- 
It  an  expressed,  is  to  be  ascribed  partly  to  usins  round  numbers 
,  ud  partly  to  the  effects  of  the  mutual  disturbances  produced 
he  satellites  upon  each  other  and  by  the  spheroidal  form  of  the 
si  itself. 

'62.  Singular  relation  between  the  motions  of  the  first  thre^ 
iiteg.'^^Ou  comparing  the  periods  of  the  first  three  satellites,  it 
rident  that  they  are  in  the  ratio  of  the  numbers  1,  2,  and  4. 

we  have — 

43  :  86  :  171  : :  1  :  2  :  4. 

e  the  mean  angular  velocities,  or,  what  is  the  same,  the  mean 
rent  motions  as  seen  from  Jupiter,  are  found  by  dividing  360^ 
be  periodic  times,  it  follows  that  these  motions  for  the  three 
lites  are  in  the  inverse  ratio  of  1, 2,  and  4,  that  is,  as  1,  },  and  i ; 
therefore,  that  the  mean  apparent  motion  of  the  second  satellite 
df,  and  that  of  the  third  one-fourth  of  the  mean  apparent  motion 

le  first. 

.  follows,  also,  that  if  twice  the  mean  motion  of  the  third  be 
id  to  the  mean  motion  of  the  first,  the  sum  will  be  three  times 
mean  motion  of  the  second.  This  will  be  rendered  evident  by 
ling  these  motions  by  general  symbols.  Let  m\  m",  and  m" , 
the  mean  hourly  apparent  motions.     We  shall  have — 


m=  im' 


m 


m 


=  im'; 


eoDfequently 

m'  +  2m'"  =  m'  +  Jw'  =  Jm'  =  8m". 

763.  Corresponding  relation  between  their  mean  longitudes,  — 
longitudes  of  satellites  are  referred  to  by  their  primaries  as  visual 
Thus  the  mean  longitudes  of  Jupiter's  satellites  are  their 
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•ular  Oislances  from  the  int  point  of  Aries  as  Men  frnm 
Now,  it  folloira  tL:Lt  the  reliilion  which  hns  heto  ehnwi 
between  llic  mean  motions  of  tbe  first  three  satellites, iIm 
•ctwceo  their  mean  longitudes.     Let  these  longiludei  al 
seJ  time  be  T,  1",  !"' ;  and  after  a  given   interval,  doriog 
the  satellitefl  will  have  ftugmeoleJ   their  longitndef  let 
I.',  l",  l'".     The  siiples  or  arcs  moved  tbrough  in  the  in- 
be  t'~  f ,  3."—r,  1-'"  — /"' ;  and  since  these  wiU  reprwffll 
oportional  to  the  mean  apparent  motioDB,  we  shall  haT«— 

(1/  —  /-)  +  2  (L'"  -  r)  =  3  (I."  —  D ; 
eh  is  inferred — 

3  L"  -  (L'  +  2  L'")  =  3  r  -  (r  +  a  ro- 

le  Eccond  snd  the  sum  of  the  longitude  of  the  fintanj 
t  of  the  thini  is  inrarinble  ;  but  what  this  invariible  dif- 
,  docs  not  appear  frnm  the  mere  relaliim  of  tlio  periods.  A 
serration  of  the  positions  of  the  three  satellites  at  any  ^ 

■\f  he  nt  nny  one  mnitieni,  it  must  always  contioue  la  bt. 
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be  third  satellite  will  therefore  be  90^  from  the  common  direction 
the  other  two,  and  will  therefore  have  a^phase  different  from 
dra  by  90^.     If  one  be  full  or  new,  the  other  will  be  in  the 
irten,  and  vice  vend. 

In  fine,  if  the  first  and  third  have  a  common  phase,  we  shall  have 
szi/^l  and,  consequently — 

8  l" — 8  l'  =  180^        L"  —  l'  =  60«. 

s  second  will  therefore  have  a  position  60^  different  from  the 
inon  direction  of  the  other  two,  and  its  phase  will  differ  in  the 
te  degree  from  their  common  phase.  If  one  be  fiHl,  the  other 
.  be  gibbous ;  and  if  one  be  new,  the  other  will  be  a  crescent ; 
breadth  of  the  gibbous  phase  being  120°,  and  that  of  the 
icentGO^ 

.lie  stadent  will  find  no  difficulty  in  tracing  the  effects  of  this  re- 
on  in  all  other  phases. 

Ln  attempt  has  been  made  to  trace  the  remarkable  relation  be- 
en the  periods  here  nodced  to  the  effects  of  the  mutual  gravitation 
the  satellites;  and  Laplace  has  shown  that,  if  such  a  relation 
vailed  nearli/  at  any  one  epoch,  the  mutual  gravitation  of  the 
•llites  would  render  it  in  process  of  time  exact.  There  would 
n,  therefore,  to  be  a  tendency  to  such  a  relation,  as  a  consequence 
he  ceneral  law  of  gravitation. 

1764.  Orbits  of  satellites.  —  The  orbits  of  the  satellites  are  el- 
ea  of  very  small  ellipticity,  inclined  to  the  plane  of  Jupiter's 
it  at  very  small  angles,  as  is  made  apparent  by  their  motions 
ag  always  very  nearly  coincident  with  the  plane  of  the  planet's 
ator,  which  is  inclined  to  that  of  its  orbit  at  the  small  angle  of 

y  30". 

ST65.  Apparent  and  real  magnitudes.  — The  satellites,  although 
need  by  distance  to  mere  lucid  points  in  ordinary  telescopes,  not 
J  exhibit  perceptible  disks  when  observed  by  instruments  of  suf- 
ent  power,  but  admit  of  pretty  accurate  measurement  At  oppo- 
on,  when  the  apparent  diameter  of  the  planet  is  45",  all  the 
ellitea  subtend  angles  exceeding  1'',  and  the  third  and  fourth 
pear  under  angles  of  1}"  and  1  J".  By  observing  these  apparent 
meters  with  all  practicable  precision,  and  multiplying  them  by 
»  linear  value  of  1",  as  already  determined  (2741),  their  real  di- 
leters  may  be  ascertained  as  follows : — 

MUes. 

L V^'l9i  X  1934  =  2309. 

II I'-'OTO  X  1034  =  2069. 

Ill 1^^-747  X  1934  =  8878. 

IV l'M06x  1934  =  2891. 

It  appears,  therefore,  that  with   the  exception   of  the  second, 
Ueh  if  exactly  equal  in  magnitude  to  the  earth's  moon,  all  the 
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oth^n  tre  OD  a  mach  larser  Male;  and  one  rf  Hmm,  Aa  AM, a 
greater  than  the  planet  Nercorfi  while  the  fourth  la  rwrj  awn} 
equal  to  it. 

2766,  Apparent  magnttndet  €u  $een  from  JypUer,  —  BjeQ» 
paring  their  real  diameters  with  their  diatancea,  the  apparent  diaafr 
ters  of  the  sevenil  satellites,  as  seen  from  Japiter,  may  he  odj 
ascertained.  By  dividing  the  actual  distances  of  the  aatellitsa  tai 
Jupiter  hy  206,265,  we  obtain  the  linear  value  of  1"  at  sodbjije 
tance;  and  by  dividing  the  actual  dianetera  of  the  8atellifeaa''% 
Bpectively  by  this  value,  we  obtain,  in  aecondsi  their  apparenl  fSim  ^ 
ters  as  seen  from  Jupiter.  '     i 

In  making  this  calculation,  however,  it  is  neoeeaarj  to  tdiMJ 
account  the  magnitude  of  the  semi-diameter  of  the  planet ;  ■Jm^ 
is  from  the  surface,  and  not  from  the  oientrey  that  the  aatsffir^ 
viewed. 

It  follows,  from  a  calculation  made  on  these  prinoipleii  Ifal, 
apparent  magnitudes  of  the  four  satellites,  seen  from  any  pari 
the  surface  not  far  removed  from  the  equator  of  the  planet,  an^ 
the  first  85'  80",  for  the  second  19"  30^,  for  the  third  IS'  W^  i 
for  the  fourth  8'  58". 

The  first  satellite,  therefore,  has  an  apparent  diameter  equal  to  tkl 
of  the  moon ;  the  second  and  third  are  nearly  equal  and  ahoot  half 
that  diameter ;  and  the  apparent  diameter  of  the  other  satellifii  S 
about  the  fourth  part  of  that  of  the  moon. 

It  may  be  easily  imagined  what  various  and  interesting  noctand 
phenomena  are  witnessed  by  the  inhabitants  of  Jupiter,  when  tU 
various  magnitudes  of  these  four  moons  are  combined  with  thi 
quick  succession  of  their  phases,  and  the  rapid  apparent  motion  rf 
the  first  and  second. 

By  the  relation  (2763)  between  the  mean  motiona  of  the  M 
three  satellites,  they  never  can  be  at  the  same  time  on  the  mom  W 
of  Jupiter ;  so  that  whenever  any  one  of  them  is  absent  froa  Af 
firmament  of  the  planet  at  night,  one  at  least  of  the  others  Mfil 
be  present.  The  Jovian  nights  are,  therefore,  alwaya  monJi 
except  during  eclipses  (which  take  place  at  every  revolutioo),  M 
often  enlightened  at  once  by  three  moons  of  different  apparent  M^ 
nitudcs  and  seen  under  different  phases. 

2767.  Parallax  of  the  satellites.  —  Owing  to  the  amall.pnpM^ 
tion  which  the  distances  of  the  satellites  bear  to  the  nnmi  diimrtt 
of  the  planet,  the  effects  of  their  parallax,  as  observed  from  the  ap 
fiice  of  Jupiter,  arc  out  of  all  analogy  with  any  phenomena  af.A 
like  kind  upon  the  earth.  The  nearest  body  in  the.  universe  Is  m 
earth,  the  moon,  is  at  the  distance  of  sixty  seroidiameterSy  aaJ  k 
horizontal  parallax  is  consequently  less  than  1^ ;  while  the  m^ 
remote  of  Jupiter's  satellites  is  only  twenty-seveUi  and  the 
only  six  semidiamoters  from  his  centre. 
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meibod  explained  in  2327,  the  horiaontal  parmllaxesi  K| 
p  ol  the  foar  letellitee,  maj  be  determined,  and  are  — 

•  =  »  ^'-         '^=  "W  =  ^  •  ^  -  15T  =  ^'^  ' 

'^=-2r  =  ^*^- 

dpparaU  fnaanthtde$  of  Jupiter  teen  frofn  thu  eatdlUet. 
hb  apparent  mameter  of  the  planet,  seen  from  a  satellite, 
s  horisontal  parallax  (2327),  it  follows  that  the  apparent 
of  Jnpiter  seen  from  the  first  satellite  is  19^,  from  the 
^y  and  from  the  third  7",  and  from  the  fourth  4*25.^  The 
FnpiteTi  therefore,  appears  to  the  first  with  a  diameter 
imes  greater,  and  a  sorfaoe  820  times  greater  than  that  of 
.oon. 

SaUUUee  invieihU  from  a  circumpolar  region  of  Ae 
It  IB  easy  to  demonstrate  in  general  that  an  object  oannol 
om  any  part  of  the  surface  of  a  planet,  which  is  at  a  di^ 
1  its  pole  less  than  the  horizontal  parallax  of  the  object. 
fig.  760,  be  a  meridian  of  the  planet,  n  s  its  axis,  o  an 

object  at  a  distance,  o  c,  from  ite 
centre.  Suppose  a  line  o  p  drawn 
from  o,  touching  the  meridi^  at  p, 
the  angle  P  o  c  will  be  the  horiiontal 
parallax  of  o;  and  since  the  angle 
opc  =  90^,  the  angles  POO  and 
poc  taken  together  are  90^.  But 
Jig,  780.  since  the  angle  N  c  o  is  also  90^,  it 

follows  that  the  angle  NOP,  and, 
the  are  N  p  which  it  measures,  is  equal  to  the  horisontal 

►0  0. 

is  erident,  that  o  is  not  visible  from  any  part  of  the  meri- 
reen  p  and  N.  If,  therefore,  a  parallel  of  latitude  be  sup- 
be  described  round  the  pole  at  a  distance  from  it  equal  to 
imtal  parallax  ffi  any  object,  such  object  cannot  be  seen 
part  of  the  circumpolar  region  included  within  such  parallel. 
fm%  from  this,  from  the  values  of  the  horizontal  parallaxes 
dlites  found  above  (2732),  and  in  fine  from  the  fact  that  the  - 
move  nearly  in  the  plane  of  the  planet's  equator,  that  the 
lite  is  invisible  at  all  parts  within  a  parallel  described  round 
H  a  distance  of  9*5'',  the  second  at  6^  the  third  at  3*6'', 
mrth  at  2*1^ 
Rotation  on  their  axes,  —  One  of  the  peculiarities  in  the 

ottr  moon  which  distinguishes  it  in  a  remarkable  manner 
plaiietS)  is  its  revolution  upon  its  axis.  It  will  be  remem- 
ift  tho  pknets  generally  rotate  on  their  axes  in  times  soi^e* 
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greater  Stances  from  Japiter  than  that  of  the  moon  from  the 
tbtiy  nererthelen  revolTe  in  perioda  mnch  shorter  than  that 

mooDi  and  are  afifeeted  by  eentrifagal  forcesi  which  exceed 
r  the  moon  in  a  ratio  which  may  be  determined  bj  the  pe- 
nd  diatanoesy  and  which  must  be  resisted  by  the  attractioQ  of 
ral  mass  proportionally  greater  than  that  of  the  earth.  It 
be  easy  to  show  that,  if  the  earth  were  attended  by  a  similar 

of  moons,  at  like  distances  from  its  centre,  their  periods 
be  abont  eighteen  times  greater  than  those  of  Jupiter's 

2.  Their  mutual  perturbations,  —  The  mutual  attraction  of 
asea  of  the  satellites,  and  the  inequality  of  the  attraction  of 
n  upon  them,  produee  an  extremely  complicated  svstem  of 
ing  actions  on  their  motions,  which  has  nevertheless  been 
(  with  great  success  under  the  dominion  of  analysis  by 
B  and  Lagrange.  This  is  especially  the  case  with  the  three 
BtelliteSi  whose  motions,  but  for  this  cause,  would  be  sensibly 
a.  The  effect  of  these  disturbing  forces  is  nevertheless  miti- 
ind  limited  by  the  very  small  eccentricities  and  inclinations 
orbits  of  the  satellites. 

I.  Deimty.  —  The  volume  of  Jupiter  being  greater  than  that 
earth  in  the  ratio  of  1400  to  1,  while  its  mass  is  greater  in 
erior  ratio  of  338  to  1  nearly,  it  follows,  that  the  density  of 
liter  composing  the  planet  is  less  than  the  mean  density  of 
th  in  the  ratio  of  the  above  numbers.     Wo  have,  therefore — 


d 


838 
1400 


=  0  2415. 


mn  density  is,  therefore,  less  than  one-fourth  of  .SvA  of  the 
and  since  the  mean  density  of  the  earth  is  5  67  times  that 
er,  the  density  of  Jupiter  is  1-37  times  that  of  water. 
I.  Maue%  and  densitie*  of  the  satellites.  —  The  masses  of 
ellites  are  determined  by  their  mutual  disturbances,  by  means 

fneral  principle  explained  in  (2637),  and  the  densities  are 
■8  usual  from  a  comparison  of  these  masses  with  their 
M.  In  the  following  table  are  given  the  masses  aa  compared 
M  primary  and  with  the  earth,  and  their  densities  as  compared 
le  earth  and  with  water. 


M«H,  tbal  Af  Kwrtk 
.     -  »• 

DMdtr.  tkal  ol  Iwtk 
-  1. 

Dmtt,.  ikM  or  Wstar 
-  1. 

OKWOOITS 
00000232 
0^000886 

»1l000t27 

0-00W6 
OKW778 

OrOliSti 

0-02016 
OD3016 
0K)09M 
0D3926 

0-1143 
0-1710 
0-a070 
0-2226 
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ThuB  it  appears  that  the  denaitj  rf  the  matter  eompoaieg  thp 
aatellitea  is  touch  smaller  than  those  of  anj  other  bodies  of  ib 
system,  whose  densities  are  known. 

It  follows,  thereforoi  that  the  first  satellite  mmt  be  eoDpoBsdif 
matter  which  is  twice  as  li|^ht  as  ooik|  the  density  of  whibh  is  Q^IIS} 
and  that  of  the  third,  which  consists  of  the  heeTieet  matter,  is  art 
more  dense  than  the  lightest  sort  of  wood, sooh,  lor  ^^— f^^  miki 
eommon  poplar,  whose  density  is  0*883  (787). 

It  is  remarkable  that  this  extremely  small  degree  of  dennlrii 
not  found  in  the  earth's  satellite,  the  density  of  whieh,  tfio^^  mi 
than  that  of  the  earth,  is  still  more  than  twice  the  deoaitj  of  i 

The  planets  Merour^  and  Mars,  which  are  so  nearly  of  the 


magnitudes  as  the  third  and  fbnrth  satellites,  show,  in  e  atdpH 
manner,  the  difference  of  the  matter  componng  them  fay  ike^m* 
difBuenoe  of  their  densities.  The  mean  snecifio  weight  of  Ae  mriP 
xiab  eomponog  these  planets  is  nearly  the  same  aa  that  ef  tta|i 
which  compose  the  earth,  while  the  materiala  of  the  third  aald|| 
are  thirteen  times,  and  that  of  the  foorth  twenty-five  timee  l%|lg. 

2775.  Superficial  ffravitjf  on  Jupiter. — The  gravity  by  vUi 
bodies  placed  on  the  surface  of  this  planet  are  afieeted,  omittiag  thi 
coDsideration  of  the  modifying  effects  of  its  spheroidal  form  and  ii 
roUtion,  may  be  computed  by  means  of  its  mass,  and  its  mean  aem* 
diameter  by  the  method  already  explained. 

Let  m'  =  Jupiter's  mass,  that  of  the  earth  being  =  1 ; 

/  =  Jupiter*s  mean  semi-diameter,  that  of  the  eulh  bei^ 

=  l5         . 
^  =  superficial  gravity,  that  of  the  earth  being  s=  1: 
we  shall  then  have  (2647),  (2771)  — 

, wi         388        ^  ^ 

2776.  Centrifugal  force  at  Jupiter^  $  equator.  — In  the  cam  4. 
Jupiter,  owing  to  the  great  degree  of  its  oblateneaa  end  its  npii 
rotation,  this  force  of  superficial  gravitation  is  subjeot  to  mmh 
greater  variation  than  on  the  earth.  To  determine  thu  Tariatioei  il 
will  be  necessary  to  compute  the  centrifugal  force  by  whioh  bodBa 
placed  on  the  equator  of  the  planet  are  affected. 

Let  0  =  centrifugal  force  related  to  the  terrestrial  graTi^  « 
the  unit, 
g  =  16-.08  feet, 

y  =  the  velocity  of  Jupiter's  equator  in  feet  per  aeoond  dm 
to  his  rotation, 
we  shsU  then  have  (313)— 

v« 

c  =2ri • 

2f^X^ 
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Hie  Tmloe  of  y  deduced  firom  the  eqaatorial  diameter  of  the 
knet  (2756)  and  the  time  of  rotation  (2747)  is  42760 ;  and  it 
Jlowa,  therefore,  thift  c  =  0-234.  Deducting  this  from  the  super- 
nal gravity  undiminished  by  rotation,  already  computed  (2775), 
B  shall  find  the  effective  equatorial  superficial  gravity 

2-616  —  0-234  =  2-382. 

2777-  Variatum  of  tuperficud  gravity  from  equator  to  pole,  — 
be  well-known  theorem  of  Clairault,  already  quoted  (23B4),  by 
bieh  the  oblateness,  the  variation  of  superficial  gravity,  and  the 
■trifbgal  foroe,  are  oonneoted|  supplies  the  means  of  determining 


Let  e  and  to,  as  in  2884,  express  respectively  the  fraction  of  its 
kok  length  by  which  the  equatorial  exceeds  the  polar  diameter, 
d  tlie  finetion  of  its  whole  weight  by  which  the  weight  of  a  body 
id  the  pole  exceeds  the  weight  of  the  same  body  at  the  equator, 
id  in  fine,  let  c  express  the  equatorial  centrifugal  foroe  as  a  fraction 
'  the  efieetive  equatorial  superficial  gravity.  By  the  theorem  of 
liiiBalt,  these  throe  onantities  are  related  in  the  manner  expressed 
.  the  finUowing  formula : — 

e  4-  to  =  2*6  c. 

oty  frmn  what  has  been  already  explained,  e  =  0-08| 

o_0;234 

i/       2-882  ' 

id  conaeqnently  w  =  0-16. 

From  wnence  it  follows  that  the  weights  of  bodies  are  increased 
J  16  per  cent  when  transferred  from  toe  pole  to  toe  equator. 

A  mass  of  matter,  therefore,  which  upon  the  earth's  surface  would 
wh  1000  pounds,  would  weigh,  if  placed  upon  Jupiter's  equator, 
882  pounds,  and  if  placed  at  bis  pole,  would  weigh  2763  pounds. 

The  height  through  which  a  body  would  fall  in  a  second  would 
•  16-08  X  2-382  =  38-3  feet  at  its  equator,  and  44-4  at  the  pole. 

The  length  of  a  seconds  pendulum  varies  in  the  exact  ratio  of 
ha  fixees  of  gravity  which  produce  its  vibration  (542) ;  and  if  the 
■gtk  of  the  seconds  pendulum  on  the  surface  of  the  earth  be 
aken  in  round  numbers  as  39  inches,  that  of  a  seconds  pendulum 
It  Jupiter's  equator  would  be  39  x  2-382  =  92-91  inches,  and  at 
ihe  poke  107-77  inches. 

2778.  Density  must  increase  from  the  surface  to  the  centre,  —  It 
is  easy  to  show  that  the  oblatcness  of  Jupiter  is  incompatible  with 
the  supposition  of  his  uniform  density.  It  was  demonstrated  by 
Newton  that,  if  the  earth's  density  were  uniform,  its  oblateness 
voold  be  vJif ;  and  the  same  would  be  true  of  any  spheroid  of  uni- 
brm  density,  revolving  on  its  axis  in  the  same  time.  But  the  ob- 
ItteBsie  will  be  increased  in  the  same  ratio  aa  the  square  of  the 
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time  of  rotation  and  at  the  dendty  are  dimioiahed.    H 

R  expren  the  time  of  rotation  of  Jafnter,  that  of  the  earth  lm%lf  j 

and  d  the  mean  denuty  of  Jupiter,  Uiat  of  the  earth  hdqg  l|(|i 

oblatenesa  which  the  planet  would  have  if  ita  denai^ 

would  be — 

111. 


But  R  =  ^^7^  and  d  =  0*228 ;  therefora 

^  =  280x0-228  =  ^'"°*- 

But'  the  oblateneM  deduced  from  observation  being  odIj  VK^I 
follows  that  the  density  cannot  be  nniform.  .    ^ 

It  is  easy  to  perceive  that,  if  the  density  augmented  f 
centre  to  the  surface,  the  effect  of  the  oentrifhnl  fbrea  ipaa  l|l 
component  parts  of  the  mass  would  have  a  tendency  to  ra  ' 
oblateness  still  greater  than  it  would  be  with  the  same  masi 
an  uniform  density.     Since,  therefore,  the  actual  oblatencM  ii 
compatible  either  with  an  uniform  density,  or  with  a  denri^^ 
creasing  from  the  surface  to  the  centre,  it  follows  that  the  tad^  | 
must  increase  from  the  surface  to  the  centre. 

The  mean  density  of  the  planet  being  0*228,  it  follows,  theiefiH^ 
that  the  mean  density  of  the  superficial  stratum  must  be  less  tkn 
thift,  though  in  what  proportion  cannot  be  determined  by  these  ditiu 

If  the  mean  superficial  density  of  Jupiter  bear  the  same  proportin 
to  the  mean  density  of  its  entire  mass,  as  the  mean  sopeiii^ 
density  of  the  earth  bears  to  the  mean  density  of  its  entire  ia8%il 
will  follow,  that  the  mean  superficial  density  of  Jupiter  wifl  !• 
half  its  mean  density,  and  will,  consequently,  be  0*114;  and 
the  mean  density  of  the  earth  related  to  that  of  water  aa  Aa 
is  5*67,  it  would  follow  upon  this  supposition,  that  the  aetoal  Mi 
density  of  the  superficial  stratum  of  Jupiter  would  be  0-114  =s  MT 
=  0-645. 

Water,  which  discharges  so  many  important  functiona  in  the  ^f 
sical  economy  of  the  earth,  has  a  specific  gravity  2-8  times  lesstkil 
the  mean  specific  gravity  of  the  superficial  stratum  of  the  globe.  If  * 
like  fiuid  on  Jupiter,  serving  like  purposes,  be  similarly  related  to  Al 
mean  density  of  its  surface,  its  specific  gravity  would  therefbre  W— 

which  would  be  more  than  three  times  lighter  than  sulphurio  etber, 
the  lightest  known  liquid,  and  nearly  equal  in  levity  to  cork. 

2779.  Utility  of  the  Jovian  tyUem  cu  an  iUuMtraium  of  the  <0^ 
iyttetn.  —  It  is  not  merely  as  a  model  on  a  small  scale  of  the  nhr 
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HitMBy  10  £ir  as  relates  to  the  analogy  picacnted  bj  the  aKAkn'  of 
ifb  ntellitea  round  Jupiter  to  the  mocion  of  the  planets  rr/aad  tlie 
san,  and  the  striking  confirmation  of  the  theory  €i  graTitati'12  af- 
forded by  the  exhibition  of  the  pUy  of  Kepler^i  liftvi,  thxx  lit 
Jomn  system  is  to  be  regarded  with  interest  by  the  phytaeal  acr'o- 
omer.     Ail  the  effects  of  the  reciprocal  grantasioD  of  th«  plturu 
one  upon  another,  which   mathematicians  hare  sw»wdi&i   :&  ex- 
plaining upon  the  principles  of  the  theory  of  gnTitatioD,  ill  u.t 
pertarbatioos  and  inequalities,  many  of  which,  in  the  cane  of  \}jh 
planetSy  will  take  thousands  of  eentoiies  to  complete  their  yni-At 
mod  re-eommence  their  course,  all  these  are  ezhilntibd  on  a  irr^'. j 
avduoed  scale  in  the  Jovian  system.    As  the  ceBttai  «ms  is  rMaotr^i 
jn  A  thousand-fold  proportion,  and  the  distaww  ct  tfca  bodies  r(> 
^olTiDg  nrand  it  in  a  still  greater  ratio,  the  eydca  of  tfca  pcttvWtme 
mmA  inequalities  are  similarly  reduced.  51ilfioM  of  jwn  mt  wtdmoti 
^  thooaands,  centuries  to  months,  months  to  days,  days  to  bow>. 
Phenomena,  the  periods  of  which  would  lar  sorpaas,  mat  tfca  liCs  of 

only,  but  the  whole  extent  of  time  embneed  wttUa  hvman 
and  traditions,  are  reproduced  aikd  oompleted  in  this  mioia- 

system,  within  such  moderate  limits  of  time  as  to  bring  them 

iriftllin  the  scope  of  actual  observation.    The  analyst  is  thns  enabled 

.|a  aee  practically  verified,  those  conditions  of  equilibrium  and  sta- 

hOitj,  which  it  would  take  countless  ages  to  develops  in  the  solar 

qfilein. 

II.  Satubn. 

2780.  Saturntan  tyttem.  —  Beyond  the  orUt  of  Jupiter  a  space 
hit  liule  less  in  width  than  that  which  separates  that  frianet  fp^m 
fk^  sun  b  unoccupied.  At  its  limit  we  enooonter  the  moat  extra- 
Mdioary  object  in  the  system, — a  stupendous  |^be,  iieariy  nine 
^hmdied  times  greater  in  volume  than  the  earth,  surtouDded  by  two, 
il  Isasty  and  probably  by  several  thin  flat  rings  of  solid  matter,  out- 
jida  which  revolve  a  group  of  eight  moons ;  this  entire  system  moving 
irilh  a  eommon  motion  so  exactly  maintained,  that  no  one  part  falls 
wpoD,  overtakes,  or  is  overtaken  by  another,  in  their  course  around 

WB  sun. 

gneh  is  the  Saturnian  system,  die  central  bodv  of  which  was 
Imoim  aa  a  planet  to  the  ancients,  the  annular  q^pendages  and  satel- 
Htea  being  the  disooveiy  of  modem  times. 

2781.  Period,  —  By  the  usual  methods  the  period  of  Saturn  has 
been  aaoertained  to  be  10759-22  days,  or  29-48  years. 

2782.  Beliocentric  motion, — The  mean  heliocentric  motion  is 
tbeiefore 

^  =  12-23''«>a»Jlj. 

=  lOlS**  monthly. 
=  0083«=2'daUy. 
29* 


27&4.  Ditlanee.- 


— irwea  osjb. 
-The  mun  distance  fr 
determined  bj  th 
have 

(24-48] 
The  distance  is  tl 
ezaoll;  9-&3878f 
being  =  1. 

Taking  the  ea 
-J  millioDB  of  I 
will  then  be  906 
Theeccentricitj 
0-056,  thia  dislai 
tion,  being  angai 
diminished  in  per 
of  its  whale  am 
'diBttnoe  of  the  p 
therefore  950,  uu 
lions  of  miles. 

2785.  Jitlatiw 
dittance/rom  the 
proportioD  of  the 
the  eu-tfa  are  nt 
where  £x'e"  is  i 
B  s*  Saturn's  dJst 
The  four  position 
oated  an, 

ben  the  plan 
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The  Mmi-diftmetcr  of  the  earth's  orbit  therefore  subtends  at 
Satoni  an  angle  of  only  6^.  The  apparent  diameter  of  a  globe, 
vhich  would  fill  Uie  entire  orbit  of  the  earth  seen  from  Saturn, 
would,  therefore,  be  bo  more  than  12^,  or  twenty-four  times  the 
apparent  diameter  of  the  sun  as  seen  from  the  earth. 

2787.  Great  9odU  of  the  orbital  motion.  —  The  distance  of 
Saturn  from  the  ran  is  therefore  so  enormous,  that  if  the  whole 
earth's  orbit,  measuring  nearly  200  millions  of  miles  in  diameter, 
wens  filled  with  a  sun,  that  ran  seen  from  Saturn  would  be  only 
about  twenty-four  times  greater  in  its  apparent  diameter  than  is  the 
•etoal  sun  seen  from  the  emrth.  A  cannon-ball  moving  at  500 
■lies  an  hour  would  take  91,000  years,  and  a  railway  train  moving 
50  miles  an  hour  would  take  910,000  years  to  move  from  Saturn 
to  the  sun.  Light,  which  moves  at  the  rate  of  nearly  200,000 
miles  per  second,  tiJces  5  days,  18  hours,  and  2  minutes  to  move 
Ofer  the  ssme  distance.  Yet  to  this  distance  solar  gravitation 
transmits  its  mandates,  and  b  obeyed  with  the  utmost  promptitude 
■ad  Ike  most  unerring  precision. 

Taking  the  diameter  of  Saturn's  orbit  at  1800  millions  of  miles, 
its  eiienmferenoe  is  5650  millions  of  miles,  over  which  it  moves  in 
10,759  days.  Its  daily  motion  is  therefore  525,140  miles,  and  its 
hoorly  21,880  miles. 

2788.  Dimnon  of  tynodic  period.  —  Since  the  angle  k'  s'  s  = 
8^,  tlie  angle  b  8  X"  =  84<'  and  X"  s  s"'  =s  OG^*.  Since  the  synodic 
yeiiod  is  87.8  days,  the  intervals  between 

84 
oppoution  and  quadrature    =  ^^  X  878  =  88*2. 

96 
conjunction  and  quadrature  =  ^^  X  878  =?  1008. 

oW 

It  appears,  therefore,  that  in  88  days  afier  its  opposition  the 
pbnet  IS  in  its  eastern  quadrature,  and  passes  the  meridian  about  6 
ki  the  afternoon.  After  a  further  interval  of  101  days  it  arrives  at 
eoojunction ;  after  which  it  acquires  western  elongation,  passing  the 
Bendian  in  the  forenoon ;  and  at  101  days  from  conjunction  it 
attains  its  western  quadrature,  passing  the  meridian  at  about  6  A.M. 
After  another  interval  of  88  days  it  returns  to  opposition. 

2789.  NophaMe$.  —  It  is  evident  from  what  nas  been  explained 
in  relation  to  Jupiter  (2738),  that  neither  Saturn  nor  any  more 
distant  planet  can  have  sensible  phases. 

2790.  Variation  of  the  planet* 9  distance  from  the  earth.  —  The 
distances  of  Saturn  from  the  earth  are  therefore 

B'b    =:  906  —  95  =  811     millions  of  miles  in  opposition. 
B'B^'s  906  +  95  =  1001  millions  of  miles  in  conjunctioa 
S'lf  s=  =  900*6  millions  of  miles  in  quadrature. 
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anoes  &re  subject  to  some  rariatioii,  mnog  to  the  eaws- 

the  orbiu  of  Saturn  and  the  earth.     The  amount  of  this 
arising  from  the  ecoentricitj  of  Saturn's  orbit,  is,  as  bal 
n,  100  millions  of  milos.    The  Tariation  dne  to  the  eanh'» 
tuparativct;  small,  being  under  two  millions  of  miles. 
Stations  and  Tclrogrettion.  — Prom  a  comparison  of  tba 
olion  and  varying  distance  between  the  earth  and  Satom, 

that  the  sUtions  of  tb«  planet  take  place  at  about  65  At.j% 

^n  rate  of  0-952t)°  per  day,  the  angle  at  the  sun  ow^ 
to  65  daya  will  bo 

0-9526°  X  65  =  61  92=  J 

of  letrogresaion  varies  from  6°  41'  to  G"  55'. 
Apparent  and  real  diameter.  — Thia  planet  appears  f»  a 
first  magnitude,  with  a  faint  reddish  light.     Ila  apparent 

explained,  as  in  the  case  of  Jupiter,  b;  the  more  feeblj 
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Tba  lesKr  uis  of  the  pltnet  tberefore,  according  to  Strave,  inem- 
nres  71,100  milea,  ud  the  mean  diameter  75,000  miles. 

2793.  Har/ace  and  voiume.  —  Taking  tbe  mean  diameter  of  the 
i^net  u  9-46,  that  of  the  earth  being  1,  the  surface  will  be  9 -l(j'= 
89-5,  ud  tbe  volume  916*  =  847  times  ercater  than  those  of  the 
wtb. 

The  reUtin  Tolnmes  of  Saturn  aod  the  earth  are  represeiitod  in 
*.762. 


Fig.  nx 

27d4.  Diurnal  rolatitm.  —  From  observation  on  the  apparent 
motion  of  ths  ipoti  on  the  disk  of  the  planet,  it  has  been  asccrtoiaed 
ta  have  a  motion  of  rotation  upon  the  shorter  axis  of  [ho  ellipse 
famed  br  ila  disk  in  lO'-  29*^  IT*-.  A  terrestrial  daj  is  therefore 
tqntl  to  2-3  Sotnmian  days. 

S795.  IitelinalioK  of  the  axif  to  the  orhll.  —  Tbo  geoeral  direc- 
tioB  of  the  motion  of  rotation  bos  been  ascertained  to  be  such,  that 
ibg  inclination  of  tbe  equator  of  the  planet  to  the  plane  of  tbe  orbit 
ii  26"  48'  40",  and  ita  mclinatiuQ  to  the  plane  of  the  eeliptie  is  28° 
Iff  47-7". 

Tbe  axis,  like  that  of  the  earth,  aod  those  of  tbe  other  planets, 
•koas  rotation  bae  been  ascertained,  is  carried  parallel  to  itself  in 
the  ori>ital  motion  of  the  planet. 

Tbe  consccjucnco  of  this  amtDgemcnt  is  that  the  year  of  Saturn 
ii  Taried  b;  the  same  succexsion  of  seasons  subjuct  to  the  same  rouge 
<(  temperature  as  those  which  prevail  on  our  globe. 

STfXS.  Salurnian  dayi  and  nujhlt.  Year.  —  Tho  alteruation 
of  light  and  darkoess  is  therefore  nearly  the  same  as  upon  Jupiter. 
This  rapid  return  of  day,  after  an  interval  of  five  houra  night,  seems 
>o  assume  the  obarocter  of  ■  liio  among  the  major  planets,  as  tbo 
iatcrral  of  twelve  houra  certainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  eijual  in  duration  to  10,759  terrestrial 
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to  the  objects  of  their  observfttion,  one  of 
exercise  of  this  improved  sense  was  the 
'  Saturn  differed  in  a  remarkable  manner 
l&oets  in  not  being  circular.  It  seemed  at 
onff  oval,  approaching  to  the  form  of  an 
ded  off  at  the  comers.  As  the  optical 
ere  improved,  it  assumed  the  appearance 
rith  two  smaller  disks,  one  at  each  side  of 
0  fine,  took  the  appearance  of  handles  or 
a  vase  or  jar,  and  they  were  accordingly 
lisk,  a  name  which  they  still  retain.  At 
3  explained  the  true  cause  of  this  pheno- 
lie  planet  is  surrounded  by  a  ring  of  opaone 
)  of  which  it  is  suspended,  and  that  what 
parts  of  the  ring  which  lie  beyond  the  diak 
ie,  which  by  projection  are  reduced  to  tlM 
ellipse  near  the  extremities  of  its  greater 
irts  of  the  anssd  are  produced  bv  the  dark 
)ace  between  the  ring  and  the  planet. 
3s  and  greatly  multiplied  number,  and  in- 
of  observers,  have  supplied  much  more 
the  form,  dimensions,  structure,  and  posi- 
inary  and  unexampled  appendage, 
d,  that  it  consists  of  an  annular  plate  of 
fhich  is  very  inconsiderable  compared  with 
irly,  but  not  precisely  concentric  with  the 
*  its  equator.  This  is  proved  by  the  coin- 
be  ring  with  the  general  direction  of  the 
ic  apparent  motion  of  the  spots  by  which 
c  planet  has  been  ascertained, 
equate  power  are  directed  to  the  ring  pre- 
aspect,  dark  streaks  are  seen  n{>on  its  Bm> 
of  the  planet.  One  of  these  having  been 
nence  which  .seeiucd  incompatible  with  the 
nospheric  cause  as  that  which  has  been  as- 
conjectured  that  it  arose  from  a  real  sep*- 
ring  into  two  concentric  rings  placed  one 
conjecture  was  converted  into  certainty  by 
ne  dark  streak  is  seen  in  the  same  position 
It  has  even  been  affirmed  by  some  ob- 
een  seen*  in  the  space  between  the  rings; 
tion.  It  is,  however,  considered  as  proved, 
f  two  concentric  rings  of  unequal  breadth, 
ler  without  any  mutual  contact. 
ii  being  always  at  right  angles  to  the  axis 
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ninr  days,  the  nnmber  of  Saturnian  days  in  the  Si 
i  he  247,457. 

JSfltf    nwrf   o^moiyftej-e.  —  Streaks    of   light   and 
1  their  geoeml  direction  to  the  planet's  equator,  ha* 
nn  Saturn,  similar,  io  all  respects,  to  the  belts  of  i 
ling  like  evidence  of  an  atmosphere  surronnding  tho 

nference  involvex,  as  in  the  former  case,  the  admit 

iSVdi-  liyki  a 711?  heat.  —  The  apparent  diameter  of 
■om  Saturn  ia  1)'54  times  less  than  as  sdeo  from  the 
1  its  mcaD  apparent  diameter,  as  seen  from  the  i 
s  apparent  diameter,  as  seen  from  Saturn,  munt  be 

^  =  201--57=S'2r-57. 

represents  the  disk  of  the  snn  as  seen  from  the  eai 
from  Saturn. 
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ndrcds  of  tinies  clueer  to  tbe  object*  of  their  obeemtion,  one  of 
I  earliest  results  nf  tlie  cicrciw  of  tfaia  improved  kdm  tras  tho 
teovery  that  the  disk  of  Saturn  differed  in  a  remarkable  manner 
ini  thoM  of  the  other  pl&ncts  in  not  being  circular.  It  seemed  at 
■t  to  be  a  flatieoed  oblong  oval,  approaching  to  the  form  of  an 
ingmted  rectangle,  rounded  off  at  the  comera.  Aa  the  optical 
iWen  of  the  telesc-ipe  were  improved,  it  assumed  the  appearaoce 
'  s  Krrat  cetitnl  disk,  with  two  smaller  diaka,  one  at  each  side  of 
Theae  lateral  disks,  in  fine,  took  the  appearanoe  of  handles  or 
in,  like  the  handles  of  a  vase  or  jnr,  and  thej  were  accordingly 
lUed  the  ansse  of  the  disk,  a  name  which  they  still  retain.  At 
ogtb,  in  165tf,  Hnygens  explained  the  tme  csose  of  this  pheno- 
mtOD,  and  showed  tbat  the  planet  is  surrounded  bj  a  ring  of  opaque 
did  matter,  in  the  centre  of  which  it  is  stupended,  and  that  what 
ppear  bh  ansn  are  those  parte  of  the  ring  which  lie  beyond  tbe  disk 
f  the  planet  at  either  side,  which  by  projection  are  reduced  to  the 
gnn  of  the  parts  of  an  ellipse  near  the  extremities  of  its  greater 
zii,  and  that  tbe  open  parts  of  the  bdmo  are  produced  by  the  dark 
hrriaible  through  the  space  between  the  ring  and  the  pfaoct. 

The  improved  telescopes  and  greatly  multiplied  number,  and  io~ 
iMaed  seal  and  activity  of  obseni-ers,  have  supplied  much  more 
lafinite  information  as  to  tbe  form,  dimensions,  structure,  and  posi- 
iOB  of  this  moat  extraordinary  and  anoumpled  appendage. 

It  baa  been  ascertained,  that  it  cooBifta  of  an  annular  plate  of 
natter,  tbe  thickness  of  which  is  very  inconsiderable  compared  with 
be  nperficics.  It  is  nearly,  but  not  precisely  concentric  with  tbe 
llaiMt  and  in  the  plane  of  its  etiuntor.  TLis  is  proved  by  the  coin- 
aiieoee  of  the  plane  of  tho  ring  with  the  general  direction  of  tbe 
blla,  and  with  that  of  the  appurcnt  motion  of  the  spots  by  which 
tb(  diurnal  rotaliua  of  the  pknet  hus  been  ascertuincd. 

When  telescopes  of  adetjuatc  power  are  directed  to  tbe  ring  pre- 
Mated  nndar  a  favourable  aspect,  dark  streaks  ore  seen  n^n  its  sur- 
ite  aimilar  to  the  belts  of  the  planet.  Ouc  of  these  having  been 
ifaHnred  to  have  a  permanence  which  seemed  inuumpatibto  with  the 
■dmiaion  of  tbe  same  atmospheric  cause  aa  that  which  has  been  as- 
sgud  to  the  belts,  it  was  oonjectured  that  it  arose  from  a  real  sepa- 
viion  n  diTision  of  tbe  ring  into  two  concentric  rings  placed  one 
ritbin  the  other.  This  conjecture  was  cDiirericd  into  certainty  by 
he  diaoovery,  that  tbe  same  dark  streak  i.'<  seen  in  the  fame  position 
n  both  nd^  of  the  ring.  It  has  even  boon  afiirmcd  by  some  ub- 
erreia  that  stars  have  been  seen-  in  the  space  between  the  rings; 
nt  thil  requires  confirmation.  It  is,  however,  considered  as  proved, 
hat  the  ayslem  consists  of  two  concentric  rings  of  unequal  breadth, 
aapUccd  ODtaido  tho  other  without  any  mutunl  contiict. 

na  pUne  of  the  rings,  being  always  at  right  angles  to  the  uxia 
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tjt  Uw  pliiirt.  iM,Sk»  Am  uii,  «nticd  bj  the  orbital  motion  tl  lb 
fhMlp>nUaltoilM%Wt)atdBriiSAi  year  of  Satam,  UiioJ» 
gOM  dicngea  of  poribOD  Id  MbMiaii  to  the  radius  rector  of  ike 
pbuMt,  or  tp  ft  Hm  dnwa  fron  tht  18^  koalogouG  to  those  vbM 
tha  earth's  aqiMbir  imdMoai.  Sdm  the  plane  of  tiie  rings  tm- 
cidw  with  that  of  tba  Atmaaa  wraatar,  therefore,  it  will  be  & 
raotad  to  tha  avii  at  tfaa  apooha  of  m  SaiufDian  eqniDoxes ;  mi. 
in  ■BDOnl,  tha  angla  whidt  tiM  ndioa  vector  from  the  sun  totkn 
with  Um  plane  of  the  ring,  will  ba  tha  bud's  declination  u  wi 
ftom  Satora.  This  angle,  tfaenAn,  at  the  SaturDtan  iolsticc*  i3 
bt  eqnal  to  the  oblitjuitr  of  Satoni'B  equtor  to  his  orbit,  thai  v,  t> 
36"  48*  4V  (2796),  and  at  tba  SatamlaB  equinoxes  will  be  0^ 

2800.  Antttm  «^  nodBI  ^  rJa^  Oll^  inclination  to  reliptif.— 
na  itiTeitintioii  of  tba  pomiaii  «  Ae  plane  of  the  ring  in  i|mi 
waa  vndart&an  and  wDotutad  whb  gnat  ability  and  sueeoa  I; 
Kirf.  Beaaal,  bv  ineaBi  of  an  dabonta  comparison  «f  all  ib«  » 
floided  obaemtbOBB  eo  tha  phaaea  of  Ai  ring  from  1701  to  1^ 
Iba  leaolt  pmcd  that  the  lim  of  Iiitaneciion  of  the  plane  of  ih 
ftag,  and,  ttenAt^  that  of  tte  eqaakir  of  the  planet,  «iib  iV 
plana  of  the  ecliptio,  ii  parallel  to  Hal  diameter  of  the  wImU 
epbete,  which  eooneeta  the  two  oppoate  points  whose  loogitudci  a» 
IM"  68'  8-9"  and  8460  53'  8-9",  the  former  being  the  longito*  d 
Ae  point  at  which  the  rings  msb  &om  the  south  to  the  north  of  <& 
eoliptio,  and  which  ia,  therefore,  the  asoeoding  node  of  the  luj^ 
It  also  resulted  from  this  investigation  that  the  angle  formed  h;  w 
plane  of  the  rings,  and,  therefore,  of  Ac  Saturnian  equator  «i& 
the  plane  of  the  eoliptio,  is  28°  IV  44-7". 

These  loneitndea  and  obliqtiity  were  those  which  corresponded  to 
the  Ist  of  Jannarj,  1800.  It  waa  shown  that  the  nodes  of  Hi 
ring  have  a  retrograde  motion  on  the  eoliptic  at  the  mean  ittt  it 
46-462"  per  annnm. 

It  resulted  from  the  obeerretJons  of  Prohaaor  Stnn,  m^  iA 
the  great  Doipat  refractor,  that  the  obliquity  of  tbo  plaail  if  ft 
tine  to  that  of  the  eeliptio  is  28°  6'  64",  enbieot  to  a  poaaiUg  ml 
of  §'24".  ^^  J 

The  obeerrations  and  ineasnrements  of  theae  two  omiMst/ld^ 
nomen  are,  therefore,  in  as  perfect  acsordanoe  aa  tha  itgnt  oifv 
feetion  to  which  the  insbnments  of  obserration  hart  baan  Icilft 
admita.  .  ■    ^ 

2801.  Obliguifif  of  rinff  to  the  planefi  orbO. — The  poa^'if. 
the  plane  of  the  ring  in  relation  to  the  ecliptio  tmng  thiiBWiF 
mined,  ita  position  in  relation  to  that  of  Saturn's  orbit  ean  beav*' 
tained;  and  this  is  the  more  neoeaaarj  to  be  done,  inaaiBn^  as  A 
nderable  disorepanoj  prevails  between  the  rtatwncBtn  cf  <fifeMit 
aathoritiea  napeoting  Uiia  element 


■I  are,  »nd  n  the  point  whwB  &■  phM  of  tkt  rias  ii 
Ibe  orbit.  It  has  bec«  fcotd  tlul  tlw  lovMsof  Aii  111" 
rS7-4'';  ud  iiDce  tliit  itf  a' k  166°  ST S-IT,  w*  bn«  aa'b 
>&6'31-&".  Theangl4»AA',wUehiia«obUMitosf  flMmi't 
k,  beiog  2°  2d'  35  T^  and  the  Bngle  »rz.  Um  obGqd^  of  Uw 
I  to  (he  orbit  being  ^"WUf",  it  foUowi,  W  bnnnln  of 
■rical  trigonoDietry,  that  ANA'ortMobtiqnitjaf  uariu  to  th« 
Uof  Uieptsiiet,i»2i3''48'4(r;  tint  AN,or  tkdvtMaeof  Um 
meetiiM)  of  tiie  plane  <tf  the  ring  vitk  tbs  ybiM  of  tiho  pUao^s 
it  from  the  ascondiDg  nodo  tt  tba  pl■nB^  ii  fi8°  67  80";  ud,  to 
^  the  diflbince  n  a  of  tlia  Mine  point  from  tbe  iwidlng  nodo  of 
>»iDgis4''32'30". 

'%02.  CatidUion*  icftuA  ciefermHM  d«  jtAofoi  ^  gie  ring.  — 

)  reiatioQ  between  tbo  pbaMi  of  tlM  rmg  ind  the  poMliaa  of  tbo 

set  is  euiJ;  oscertaiacd.     liOt  a  bo  t£>  otmi  dJimiNc  of  ifce 

undiminUhel  by  pn^eotioB ;  let  &  bo  Iho  loMT  onu- 

ipse  prodoced  vf  tbo  prtjeetioB  of  tbo  riag;  tad  lot  i> 

nhicfa  the  vianl  nj  bmuo  wilb  tbo  phne  of  tto  ling. 

■hall  "tixea  have,  by  tho  eomiHii  prindpUo  tt  pwjoolioB, 


f 


Ant  liace 
earth,  it  is 


visud  ray  ii  tbo  lino  drawn  from  tba  plamt  to  Oo 
evident  ihat  lbs  BD^  D  will  bo  ibe  dooliMtiai  of  tba 


earth  u  seen  from  (be  {lanoC    Nov,  if  f-  ontaai  tho  an  of  tl)o 

■ciiptic  between  the  earth  nd  the  aaoenSng  noda  of  tbo  ring  •■  Men 
ftoB  the  planet,  and  o  the  obliqni^  of  tbo  jdane  of  tba  ring  to  tba 
■Cptio,  we  shall  have,  b;  tbo  DomnMm  prioeipka  of  Irigonniiotr;^ 
-^-  — ^-oxnn.!.; 


»*•  dataMt  of  lb*  oaitb  fiom  tba  naaoJiBg  node  oi 
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entile  biwdth  of  tli«  ringi  ii  raible  kborc  the  disk  (tf  tba 
ftt  90°  &«■  tlM  mda,  the  estm  upper  ergnMot  of  the  disk 
wjartei  moo  the  ring. 

d  90°  to  m  desMDdiDg  node  of  the  ring,  the  like  phases  are 
led  n  k  oootaiy  rader ;  aad  while  the  pUnet  mores  from 
Bmding  to  the  aeoeDdiDg  nod^  a  Hinilar  leries  of  phasn  ue 
ted ;  the  poBtim  of  the  pUoe  of  the  ring  with  lelstion  to  the 
if  Iha  plutet,  howarer,  being  tevened ;  that  vhieh  ii  in  oike 
terpoaed  between  the  obeener  and  the  noctiteni  hemisphere 
planet  will  be  interpoeed  in  the  other  ease  between  him  and 
■thera  bemisphere. 

he  diagrams,^^  7S6 — 769,  the  phiwe  of  th«  ringi  indioatad 
preoeling  table  are  exhibited. 
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elatire  (timenBioiu  of  the  two  rings,  ftnd  of  the  pUnet  vithin 
«  raprcttnteil  m/g.  770,  im])Mted  npon  the  oommon  pUna 
ingi  and  the  pkoaf  ■  eotutor.  Ehd  diTlaioD  of  the  lub- 
oda  iMWwrti  6,000  miW 


Vig.  rro. 

ritual  ui^le  subtended  »t  the  earth  bj  Uie  eitreme  diimeter 
xtenul  nog,  when  the  planet  is  in  opposition,  is  48",  which 

one  thirty-BcTenth  part  of  the  moon's  apparent  diameter. 
.  Tkichieu  <>/  iht  ring*. — The  ibickocBa  of  tlie  riiigii  is 
melj  minute,  that  the  nicest  inieromctric  oWrvutious  Lave 

failed  to  supply  the  datu  occcsdary  to  determine  it  vrith 
ree  of  precision  or  certaiuty.  Jt  is  so  inconsidcrohli;,  tlint 
lie  plane  of  the  ring  is  dircctnl  to  the  earlh,  aud,  cniiiK- 
,  the  edge  alone  is  presented  to  the  eye,  it  is  inviiiiblo  even 
leaoopea  of  great  power,  or,  if  Been,  it  is  bo  imperfectly 
■a  to  elude  all  niicrometric  observation.  When  it  was  in 
BtktD  in  1633,  Sir  J.  Herachel  observed  it  with  a  loluBcopii, 
ronld  ocrtaioly  have  rendered  distinctly  visible  a  line  of  light 
30* 
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ietli  of  B  fiecnnd  in  breodth.     Since  the  linear  vabe  of  1  j 

:  mean  dtsUnce  ia  nbout  4400  wilcR,  it  would  folio*  tk^j 

■as  is  less  than  220  niileB.      Sir  J.  Herechel  admits,  l»#^ 

it  may  possibly  be  ho  great  as  250  miles.  ■ 

:kncsd  is,  thertfore,  certainly  less  than  the  lOOih  pirtn*     j 

e  brendib  of  the  two  rings,  and,  according  \a  the  nlc  oi^    | 

)e  jig-  756  ia  drawn,  it  would  be  represented  by  the  '^'A'' 

I  leaf  of  the  volume  now  before  the  reader.  "^ 

\Uhmiination  of  the   ring.  —  Ittliocentrif  phawr$.  —  Ttt 

a  of  the  rings  is  determined  by  the  phiiiic><  ondir  which  % 
lid  be  viewed  from  the  son.  There  the  illommatiBg  ul  J 
ll  myg  arc  identical,  and  tbeir  direction  is  that  of  Ibe  ndiu  1 
V  the  planet.  The  angle  whioh  tbis  line  maket  witli  lU  4 
I  the  Suturnian  equator,  ia  the  declination  of  the  em  u  KM     ( 

Let  this  angle   bo  expressed  by  D',  the  diitaiKC  of 
I  from  the  Saturoiaii  vernal  i-quiooxial  poiut  l',  and  the  it-     ^ 
F  the  Saturninn  equator  to  the  orbit  o'.     We  6h»ll  then,    ^ 
I  former  ease,  have 

Sin,  d'  =  sin.  o'  X  sin.  L'; 
express  lesser  aemi-axes  of  the  ellipw  to  wbicb  tliB  mjc    i 
by  projcelion,  as  eeen  from  the  nan,  we  shiill  bats 


and  r  may  be  determioed  for 
hi  the  fulliiwing  tabic  Ibese 
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d  die  BQD,  fts  leen  from  the  plraet     The  latter  being  only  3},  the 

fohr  nji  which  touch  the  edge  of  the  thickness  may  be  considered 

M  newlj  parallel,  and  the  breadth  of  the  shadow  will  be  nearly 

sqntl  to  ttie  thickneaa  of  the  ring.     The  shadow  will  therefore,  in 

dui  eaaey  be  in  a  thin  dark  line,  extending  along  the  eanator  of  the 

piiM^  fg.  771|  oovering  a  lone  of  the  finnamenft  whose  breadth 


71g.77L 


Fig.  772. 


■nt  be  about  fifteen  times  greater  than  the  apparent  diameter  of 
ht  flan.  A  total  solar  eclipse  at  the  eqoator  of  the  planet  wnnld, 
hspBfdftt  be  prodneed  by  the  shadow  of  the  rin^,  ami  would  con- 
ine  until  the  son  woold  gain  or  lose  44'  declination. 

Whtti  the  planet  presents  the  phase  represented  in^.  767,  its 
■Intoned  hemisphere  woald  be  traverseid  by  the  shadow  repre- 
fiaWri^n^-  772,  and  in  like  manner  the  shadows  prodoeU  under 
h^  jkiiSB>^  768,  769|  are  represented  ixifig$.  m,  774. 


Fig.  778. 


Kg.  774. 


2807.  Shadow  projected  h^  the  planet  on  the  ring,  —  The 
ihadow  projected  on  the  snrfaee  of  the  ring  by  the  globe  of  the 
)laoet  will  vary  with  the  sun's  declination,  as  seen  from  the  planet, 
jgMum  the  angle  at  which  the  plane  of  the  ring  is  inclined  to  the 

is  of  the  shadow  of  the  planet  is  equal  to  the  declination. 

At  the  equinoxes,  the  declination  being  0^,  the  plane  of  the  ring 
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ihown  tbat  the  shadow  covers  84°  52^  of  the  inner  edge  of  the 
er  ring. 

rhe  laterml  edges  of  the  shadow  in  this  case  are  rectilinear  and 
mb\y  parallel,  a  consequence  dne  to  the  angle  of  the  cone  being 
ignificant,  y?^.  775. 

As  the  declination  of  the  sun  increases,  the  section  of  the  cone  of 
I  shadow  by  the  plane  of  the  ring  becomes  elliptical,  and  the  edges 
the  shadow  on  the  ring  are  carved,  Jig.  776,  while  its  breadth  is 
ire  contracted.  When  the  sun  comes  to  the  Satnmian  solstice, 
1  its  declination  is  26°  48'  40",  the  vertex  of  the  elliptic  section 
tfw  flone  falls  upon  the  outer  edge  of  the  ring,  and  the  shadow 
I  the  form  of  an  elliptic  segment  at  the  extremity  of  the  major 
a  of  the  ellipse,  fig.  111. 

2808.  The  thadowt  partial^  visible  /rom  the  earth,  —  It  is 
dent  that,  the  visual  ray  of  an  observer  placed  on  the  sun  coin- 
ing with  the  luminous  ray,  none  of  the  shadows  produced  by  the 
MetaoQ  of  the  ring  on  the  pUnet  or  of  the  planet  on  the  ring, 
id  be  visible  to  him,  since  the  object  producing  the  shadow  would 
illaipoMd  with  geometrical  precbion  between  his  eye  and  the 
ilpir.  .  But  if  the  observer  be  transferred  to  the  earth,  the  visual 
1MB  Ibna  an  angle  with  the  luminous  ray,  which,  though  it  can- 
n  any  ease  exceed  6°,  is  sufficient,  under  certain  circumstances 
Rdalive  porition,  to  remove  the  observer  from  the  direction  of  the 
■inoai  lay  to  such  an  extent  as  to  disclose  to  him  a  part,  though 
IhH  part^  of  the  shadow  which  to  an  observer  at  the  sun  is  wholly 

|§  flue  manner,  when  the  planet  is  in  quadrature,  a  small  part 
shadow  it  projects  npon  the  ring  is  visible  on  the  east  or  on 
ll  nda  of  the  disk,  aocoidins  as  the  sun  is  west  or  east  of  the 
;  and  in  like  manner,  the  difference  between  the  angles  which 
)  Timal  and  luminous  rays  form  with  the  plane  of  the  ring  dis- 
ies,  in  certain  cases,  a  small  breadth  of  the  shadow  projected  on 
I  planet's  disk  by  the  ring,  which  is  accordingly  seen  as  a  thin 
rk  streak  crossing  the  disk  of  the  planet  in  contact  with  the  ring. 
These  phenomena  prove  that  both  the  planet  and  the  ring  consist 
matter  hav:^^  no  light  of  their  own,  and  deriving  their  entire 
imination  from  the  sun. 

2809.  CondttioM  under  which  the  ring  become*  invmhle  from 
>  earth.  —  The  rings  of  Saturn  viewed  from  the  earth  may  booomo 
risible,  either  because  the  parts  presented  to  the  eye  are  not  illu- 
nated  by  the  sun,  or,  being  illuminated,  have  dimensions  too 
all  to  subtend  a  sensible  visual  angle. 

It  has  been  explained  that,  in  every  position  assumed  by  the 
met  in  its  orbital  motion,  one  side  or  the  other  of  the  rings  is 
uninated  with  more  or  less  intensity,  except  at  the  Satumian 
linozes,  when,  the  pUne  of  the  ring  passing  through  the  sun,  its 
ge  alone  is  illuminated.     Omno  to  the  extreme  thinness  of  the 
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ilnto  of  nintter  cnnipnsing  the  riogn,  thpj  mam  in  thii  «M 
'isible,  PXCL'pt  by  I'eeble  and  uncertain  indications  obsent 
ligh  magnifying  powers,  wfatch  will  tie  uoiit^d  hereafter.  ' 
)eea  ioferred  by  Sir  Jobn  Hcr»chel,  froni  observftiioaa  oM 
elcscnpes  of  great  power,  Ibat  the  major  limit  of  ibeif  k 
hiokoega  ia  250  miles.  The  visual  aogle  which  this  W 
TOuld  subtend  Ht  the  distance  of  Saturn  in  opposition,  is  (33 

gj5|?-555X  206,265"  =  0.004".  '. 

rha  viEual  augle  would,  therefore,  be  less  than  the  fifieeptlh 

L  Bcoond.  J 

Tho  rings,  therefore,  disappear  from   this  cause  at  Satnit 

loxes,  vhich  appear  at  intervals  of  14}  yeant.  ^ 

Wbcn  the  dark  sido  of  the  rings  is  exposed  lo  the  earth,  ^ 

p  -»-*■  ^    — —p'        dent  that  the  sun   and  earth  miit| 

"  J  I    "     opposite  sides  of  the  plaoe  of  the  H 

;  Ij^  I  therefore  that  plane  must  have  sod 

\         !i\         h         tion  that  its  direction  would  paaa  f 

\         '\';         ';  tho  sun    and    tbe   earth.      Thia   0) 

1       f  I  ■       ;  i  happen  wilhin  a  cerlaiu  limited  duf 
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ti  tl«  audi  in  iU  orint,  the  eurth,  u  well  ■>  (he  nm,  tnaat  be  to 
Ml  right  of  the  diraetion  of  the  edge  of  the  rioga,  end  conseqnentlj 
«■  tbeu-  iUnniitwted  aide ;  aad  aftn  paning  f',  the  evth,  as  well  as 
ittfai,  maat  be  to  the  left  of  the  edge  of  the  ringa,  and  therefore 
^Sk  ap  tbe  JUnminaled  nde.  The  ringa,  tberefbre,  must  everywhere 
%•  nAle,  sxoept  wboa  the  planet  ia  at  or  between  the  points 

WfceD  the  planet  ia  at  dther  of  the  pointa  p  or  f',  it  may  happen 
■kt  at  tba  aame  moment  the  earth  ia  at  the  correaponding  point  i 
«r  if-  la  that  oontingencj  the  edge  of  the  ring,  being  the  onlv 
the  obeerrer,  would  be  inviaible  McauM  of  ito  mi< 
IB  when  tlie  planet  ia  at  p.  In  that 
lanet  wonid  be  of  abort  dniation,  be- 
ital  motion  t£  Uie  earth  would  soon  bring  it  on  the 
led  aide  of  the  ring.     Thus,  if  when  the  planet  is  at  p  the 


a  b  at  I,  the  latter,  moving  muoh  Cuter  than  the  planet,  advances 
MMn  i^  and  being  then  on  the  aame  aide  of  the  ring  with  tl 
At  Qlominated  nde  is  exposed  to  the  earth,  and  therefore  v 


■d  if  when  the  i^net  ia  at  f'  the  earth  is  at  Td,  the  latt«r  movine 
tMMVCta  J  while  the  planet  advancea  to  Uie  right  of  p*,  the  earth  and 
jdaat  are  both  on  the  left  of  the  edge  of  the  rings,  ant),  as  before, 
Aa  enlighteaed  side  of  the  rings  is  exposed  to  the  earth,  and  they 
■a  Ihciiubre  viable. 

If,  while  the  planet  is  between  p  and  p,  the  earth,  moving  from 
i  Ivwinb  %,  paaa  throagh  the  point  to  which  the  edge  of  tbe  rings 
■  Aaeted,  the  ringa  will  after  each  passage  cease  to  be  visible,  be- 
Mrik  the  earth  will  then  be  on  their  dark  side.  It  is  possible  that 
dhr4faii^aIld  befwe  the  planet  arrives  at  p,  the  earth,  moving  from 
1  toaaida  <^  overtaking  the  direction  of  tbe  edge,  may  again  pass 
Ihaagh  the  point  to  wliich  it  i*  directed.  If  this  happen,  the  rings 
*3  ^wn  become  visible,  becanse  the  earth  will  thus  pass  from 
thrir^w  to  their  illuminated  side. 

n^  in  this  case,  while  the  earth  movea  towards  e*  and  ^,  the 
fimt  nm  through  p,  the  rings  will  again  become  invisible,  because, 
thi^  aoB  paaung  from  cue  ude  of  the  sun  to  the  other,  the  side 
MWealW  towards  t  will  be  dark,  and  that  towards  x  illnniinatcd. 
If  in  thif  ease  the  earth,  moving  from  e'  towards  e',  again  pass 
ibnRuh  the  pcnnt  to  which  the  edge  of  the  rings  is  directed,  it  will 
andn  paaa  ftom  the  dark  to  the  enlightened  side,  and  tho  ringa 
will  i^un  become  visible. 

Tha  an^e  aps,  boing  tho  annual  parallax  of  Saturn  (2744),  is 
6*,  lad  eonwquendy  ip  i^  or  p  b  p*  ia  12°.  But  since  the  annual 
heliooantric  motion  ofSatnm  is  12°-22,  the  time  of  moving  &om  p 

J^X  865  =  8581  days. 


■rabmftMd^lMi  tWi1h>lbt1lN«H*takMtoBiikeBan.  I 
■1MB  mmkmi  m  tbmt  vkfla  Aa  fhaat  W)vee  from  p  to  i'  lb 
^  BMW  thfiMgh  ibont  «Mo  rf  te  «tblt 

U^|ini%  tWAm,  Alt  ibaiBlHnldaifag  which  thepluutii 
MSm  mh  «  diataaaa  flf  iti  nilaoiHil  imtot  u  to  lender  Uv  d»- 
of  tk«  rinB  horn  oaa  or  alMr  if  ibcse  MTenl  aoM 
ta  earth  miijua  my  nnrij  a  aoapkta  revolniioii,  tod  a 
t  oiw  tiaa  m  aAw  to  a  porillM  lo  ueet  the  dtmotiaa  tl 
lbaadgeaatlaMtoQea,aiidtlMral8tmparfliaB  of  it  and  Uu  ploM 
maj  be  aoek  aa  lo  ana*  aaranl  Cwp^iaiaaan  of  the  no^  viiha 
ris  tMDlha  liafbn  and  aftar  the  natwiiiiB  aqdnox. 

AllUwnnrioaa^aN>BeuwanwilMHadBt  the  last 
•qaiMiai  ia  1848;    Tba  narthan  aarftae  of  Ae  rini; ' 
^^^^  .-— -»__.. '' 


■riTmaHiT 
__.kfcna^tUMp)>iMaf  the  rii%  lo  that  patition  od  tbe22Dditf 
April,  in  miah,  ila  adg*  baing  ptuiwlud  to  the  earth,  it  beoinr  i»    ■ 
TiAle,d»BnbaiiiBatiUiMtth«r  AaphM.     Od  thcSnlofftp  | 
tMdMT,  thaaai^  piwing  itoow^  the fjapa  of  the  ring,  illumiBSMl  . 
ki  aOMMant  mnaa,  an^  the  anlk  bcfiig  n  the  same  side,  ^e  riaf  I 
«aa  viable^    On  the  12th,  tba  earth  agun  passing  tlirait^  ib  ' 
plane  of  the  rm^ ,  its  northern  nu&oe  wm  ezposod  to  the  t^ine,    ' 
which  ms  innnble,  the  saa  being  on  the  aontJicni  i^ide.    Ttwiiv 
eoDtiniied  thus  to  be  invinUe  until  the  18th  of  Jacasr?,  1^  1 
when,  the  earth  onoe  more  panine  through  the  plane  of  tlie  rit^  J 
the  aonthem  aorfiwe  iUomnMbd^  the  son  eanio  into  riew.  Qv  i 
aide  of  the  ring  will  oontinoe  to  be  exposed  to  both  the  eiri  «i  V 
the  son  nnlal  1861-2,  the  epodi  of  the  next  equinox,  when  ■■■^V 
anooeeuon  of  appaaranoee  and  diaHiiieajaDaea  wilt  take  p'''^~''^Vk 
ann  and  earth  eventusUj  paaBi^rto  the  nonhem  aid^n  — ^^ 
the;  win  oontinoe  for  a  like  intnw^  ^ 

2810.  Sehntidt't  obtervaliont  oU  drmoimffs  of  Sattir 
ring  tern  tdgeioagt.  — At  the  last  Satnraian  equinox,  « 
plaoe  in  1848,  a  aeries  of  obeerratiaiia  was  made  at  Bon 
■ulta  of  whioh  have  demonstrated  the  ezisteuoe  of  great  metf^^g'*'^ 
of  Borfaee  on  the  rings,  having  the  ehaiaoter  of  niounluDi  o     ^*' 


riderahle  eleradon.    The  ofaMrvationa  were  made  nod  poK*:'^'* 
aooompanied  bj  aeventeen    drawings  of  the  appeAraDi^ 
planet,  ita  belte,  and  ting,  bj  H.  Jtdiiu  Sehmid^  ef  tba  Bi 
■ervatoiT.* 

We  have  aeleoted  from  these  drawiun  taaa,  whiah  an  4 
Plate  XI. 

On  the  26th  of  Jnne,  the  planet  pteaented  a 
cloeely  reeembling  that  of  Jnpiter,  ezeept  t'  ~ 
seen  along  its  equator,  prodnoed  hy  t' 


*  Aatnw.  Haahr.  gthnwaoher,  T«L  xnfiL  Be.  Ml 


leaentsd  an  aMiaaHa^_^^^^Q 
:eept  that  a  tefc  rfff^^^ 
the  shadow  of  Ih*  b^^LT 
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ing  tlien  >  little  above  tfae  common  pUne  of  the  ring  mA 
A  few  feeble  atreokH.  of  a  greyisb  ooloar,  were  visible  on 
nisphere,  which  bowerer  diuppeared  towanilB  the  poles.  A 
lie  itor  wu  seen  at  the  weslera  extremity  of  the  ring,  which 
Meed  to  be  one  of  the  nearer  eatellitea.  The  ring  exhibited 
■raoee  of  a  brokeo  line  of  light  projeoting  fnmi  eaoh  aide 
taset'a  disk. 

this  day  the  ebadow  across  the  planet  disappeared,  bat  was 
intly  seen  on  the  25th  of  Jaly. 

ing  oontinned  to  be  inTieible  until  the  3rd  of  September, 
rer/  slight  indication  of  it  was  seen,  but  on  the  next  night 
le  distinotlj  TiNble  with  an  interruption  in  two  places,  ai 
ted  in  Jig.  2.  The  bright  equatorial  belt  was  divided  into 
anal  parte  bv  the  ring,  the  nortbeni  portion  being  the  nar- 
Three  small  sntelliles  were  seen  in  the  prolongatMia  of  the 
I  of  the  ring. 
le  &th,  the  ring  was  symmetricallj  broken  on  both  ndes, 

tt  7tfa,  the  western  side  was  divided  into  three  parts. 

le  llth,  the  ring  and  planet  presented  the  appearance  repre- 

brnkea  and  changing  appeufebces  of  the  ring  on  this  oec» 
1  only  be  explained  by  the  admission  of  great  ineqnalitiea 
se,  rendering  some  parts  of  the  ring  eo  thick  as  to  be  visible, 
at  so  thin  as  to  be  inviaihlc^  Vben  presented  edgeways  to 
jrrer. 

.  Ohiervation*  of  Btnehd. — These  observations  of  Schmidt 
iborative  of  those  ma^^t  a  much  earlier  epoch  by  Sir  W. 
1,  who  discovered  ths  exi%nce  of  appearances  on  the  snrbce 
ing*  indicating  moanta^  Mequnlities. 
.  Swpotd  multiplicity^  ringi. — Some  obsorvations  made 
I  and  elsewhere  gave  gnunds  for  the  coojeotare,  tbst  th« 
ig,  instead  of  being  double,  is  qnintnple,  and  that  instead 
Ig  s  nngle  division,  there  are  four.  It  was  even  affirmed 
Be  eoofi^noe,  that  the  ring  was  septuple,  and  oonuated  of 
meentric  rinp  snspcndod  in  the  same  plane.  These  conjee 
an  founded  upon  the  supposed  permanence  of  the  black 
snd  eonoentrio  streaks  which  are  observed  upon  the  surftca 
inp,  and  which  are  quit«  analogous  to  the  belts  of  the  planet 
wuBed  permsoenoe  has  not,  however,  been  re-obaerved, 
li  the  planet  has  been  examined  by  numerous  observers,  with 
M  of  very  superior  power  to  tboee  with  which  the  obeemt- 
m  made  which  formed  the  ground  of  (he  conjecture. 
MMSge  of  Saturn  diametrically  across  any  fixed  star  of  saffi- 
■cnitode,  at  the  epoch  of  the  Satumian  solstice,  when  the 
'3m  ring  is  inoliaed  at  the  gnsteat  angle  to  the  visual  line, 
SI 
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I  EQpplj  the  moat  eligible  meana  of  testing  tbe  mnlt^ 

Ir  the  rings  ;   for  in   that  cose  tfae  light  of  the  star  1 

lilh  the  telnscopE  to  flash  tlirongh  each  snccesave  op) 

ing  and  rinf;,  provided  that  the  width  of  Buch  opA 

It  to  allow  the  visual  ray  to  clear  the  thickness  of  t 

.  Ring   prohabfy   triple.  —  ohiervnfions  of  Mrstri 

icri.  —  Nevertheless,  there  are  well-aBcertiiined  ipj 

irface  of  the  outer  ring,  which  have  been  thought  fi 

division,  nnd  that  the  ring  is  triple.     So  early 

r  Enck^  noticed  an  appearance  which  indicated  t 

1  made  dntwings  ia  which  auch  a  division  is  indisK 

[  Trana.  1838.)  On  the  7lh  September,  1843,  Mesd 

,  unaware  apparently  of  Bnckf's  observatioa 

^wtonian  reflector,  couatructed  bj  Mr.  LasacII, 

lioasidered  to  be  a  division  of  Ibe  outer  ring.     The  ol 

liado  under  s  magnifying  power  of  450,  which  gave  : 

Id  disk  to  the  planet,  and  exhibited  the  principal  di 

continuoua,  distinctly  seen,  black  Btreak,  i 

surface  of  the  ring.     A  dark  line  on  the  c 

e  eitreinities  or^ka  elliiiso.  waa  not  ooiy  distinctlT 
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ses 


>.  £>i$eot«rj/  of  on  inutr  ring  imper/octfi/  rejleclive  and 
l/f  tmmpnrent.  —  Bat  the  most  surprisiog  result  of  recent 
>ie  oWrvatioDA  of  this  pkoet  bos  been  the  diwoverj  of  ariDg, 
ed,  u  it  wnnid  appear,  of  matter  TeSecling  Hgbt  much  more 
«tlj  than  the  plauct  or  the  riDgH  alnud;  described;  and  what 

iniire  eitraordiniirj,  transparent  to  auch  a  degree,  that  the 
'  the  plnprt  cao  be  seen  through  it 
838,  Dr.  Galle,  of  the  Bcrlia  ohaervatoi;,  noticed  a  pbeno- 

which  he  deicribed  as  a  gradual  ahadiDg  o7  of  the  ioDar 
fmidf  the  Burfaoe  of  the  placet,  as  if  the  solid  matter  of  the 
n«  cODtiuued  beyond  the  limit  of  iia  illuminated  surfaoe,  thig 
atioD  of  the  aur&ce  being  rendered  visible  by  a  very  feeble 
atioQ  auch  as  would  attend  a  penumbra  upon  it ;  and  mea- 
'  tbia  obscnre  surface  were  published  by  him  in  the  "  Berlin 
itioni "  of  that  year. 

■abject,  hotrcrer,  attracted  very  little  attenUon  until  towarda 
«  of  1850,  when  Professor  Bond,  of  Boston,  aod  Mr.  Dawee 
land,  not  only  recigDiied  the  phenomeiion  noticed  by  Dr. 
ml  ascertained  its  character  and  features  with  great  precision. 
Mrvations  of  Professor  Bon^  wofe  not  known  in  England 
ifl  4t)i(^ December;  '  ■  ■'  ' 
lMI^«eea  and  descril 
TbCJ  astA)nnm«r, 
a  of  iij.  Lasseil  ta'' 
iboerratory  o£  iMi 
werrations  and  descript 
neonsly  witbjhi 
u  not,  ho*'eTer, 
ned.  FroA  bdt 
strongly  saspcot 


IS  very  fully  and 

I^Dawei,  on  the  2t>th  of  No- 

"1  of  Deoember,  oftUed  the 

B  witnessed  it  on  that  SYoning 

lid  buth  immediately  p'ubliahea 

»af  it,  which  appeared  la  Europe 

£feB^r  Bond. 

B2  that  the  transparency  waa  fully 
I   mado   in   September,  Mr. 
RHstence,  and  about  the  same  time  it 
KCaptain  Jacob,  and  in  October  by 
.VV  -hud  removed  hia  observatory  to 
t.  latitude  and  more  serene  sky.    The 
>f  these  oloervatious^  ins  l>ei:n  the  conclusive  proof  of  the 
phenomenon  of  a  aemi-trausparent  annular  appendage  to  ihii 

i.  Drawing  of  the  planet  and  rinjl  a«  *een  by  Mr,  Datou. 
planet  surrounded  by  this  compound  system  of  rings  ii 
Dtod  in  i'tate  XII.    The  drawiug  ib  reduced  from  the  original 

mado  by  Mr.  Dawes,  of  the  planet  as  seen  from  his  refractor 
Mh  aperture,  at  Wateriogbury,  in  November  ]  852.  Another 
otation  of  the  planet  as  seen  by  Mr.  Jjaasell  at  Malta,  in 
Mr,  1862,  haa  been  lithographed,  and  is  almoat  identical  with 

Mr.  Dawes.  In  both,  Uie  form  and  appearanoe  of  the  ob- 
ng  u>d  ite  partial  transparency  are  rendered  quite  manifeat. 
ioctpBl  dinsion  of  the  bright  rings  ie  naible  tfaronghoat  iU 


Lhe  advantages  of 
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ircnmference.     The  blwk  line,  supposed  to  be  a  di 

Br  ring,  ia  visible  id  the  drsiriux  of  Mr,  JDawes;  bu 

sea  by  Mr.  Lassell. 

markubl;  bright  tbin  liDe,  at  the  inner  edge  of 

ng,  vhicb  Appears  id  Plate  XII,,  was  disticctly  bm 

in  1851  and  1852, 

inner  bright  ring  is  always  a  little  brighlcr  than  d 

lot,  however,   uniformly  bright.     Ita  iiluminatiot 

at  the  outer  edge,  and  growa  gradually  fainter  toi 

Ige,  where  it  is  so  feeble  as  to  render  it  somewhi 

tain  its  eiaot  limit.      It  would  seem  aa   if  the  is 

rtd.     The  open  space  between  the  ring  and  the  p 
le  colour  ns  the  surrounding  sky. 
,   Beael'i  calculation  of  the  masn  of  (lie  ringt.  —  1 
«d  to  determine  the  mass  of  the  system  of  rings  b' 
in  they  produee  upon  the  orbit  of  the  siitli  utej 
99  it  at  1-1 18ih  part  of  ibe  moss  of  the  planet     ] 
the  rings  being  too  minute  for  measurement,  no  es 

TUTAI.  SUl.AK  Eci.ll-'SK    u  !■    1. 
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gravitation,  combined  with  centrifugal  force,  causes  the  moon  to 
lieep  revolving  round  the  earth  without  falling  down  upon  it  bj  its 
gravity  on  the  one  baod,  or  reoedioc  iDdefioitdj  from  il  bj  the  oen- 
trifoAl  force  on  the  other,  is  welT  widenlood.  In  Thrftne  of  the 
cqnalitT  of  theee  ibrces,  the  moon  kee|M  eoninnellT  nt  the  same 
ween  dUtenee  Jrom  the  eertb  while  i%  eeeonpeoice  the  eertk  ronnd 
the  enn.  Now  it  would  be  eesy  to  rappoie  enother  noon  rerolTiog 
hj  tlie  eeme  kw  of  attnwtion  at  the  same  diatenoe  firon  tiie  earth. 
It  would  rerolve  in  the  same  time,  and  with  the  aame  velodtj,  as 
the  first  We  maj  extend  the  anppoeition  with  eqndl  fteility  to 
time,  four,  or  a  hnndred  moonSy  at  the  same  idiatanee.  Naj,  we 
may  anf^me  as  manj  moons  plaoed  at  the  aame  disAaoee  ronnd  the 
cwith  ae  woald  complete  the  eireley  so  aa  to  form  a  ring  of  moons 
touching  each  other.  Thej  would  still  mo3re  in  the  sanw  manner 
mud  witE  the  same  velocity  as  the  single  moon. 

If  such  a  ring  of  moons  were  beaten  out  into  the  iUft  broad  flat 

ringa  which  actually  surround  Saturn,  the  ciroumstanese  would  be 

0oiDcwhat  changed,  inasmuch  as  the  periods  of  each  ooneentrie  aone 

^rould  vary  in  a  certain  ratio,  depending  on  its  distanesPfipom  the 

eenfre  of  Saturn,  so  that  each  such  tone  would  have  to  lerolve  more 

KApidly  than  those  within  it,  and  less  rapidly  than  those  outside  it 

Bat  if  the  entire  mass  were  coherent,  as  the  oomponent  parts  of  a 

■olid  body  are,  the  complete  ring  misht  revolve  in  a  penodic  time 

leae  than  that  due  to  its  exterior  and  longer  than  that  due  to  its  in- 

tsrior  parts.    In  fact,  the  period  of  its  revolution  would  he  the 

period  due  to  a  certain  sone  lying  near  the  middle  of  its  breadth, 

exactly  as  the  time  of  oscillation  of  a  compound  pendulum  is  that 

which  is  proper  to  the  centre  of  oscillation  (548).    Indeed,  the  case 

af  the  otwillation  of  a  pendulum  and  the  conditions  which  determine 

the  centre  of  oscillation  affind  a  very  striking  illustration  of  the 

'  physical  phenomena  here  contemplated. 

2820.  Eotaium  of  the  rings. — ^Now  the  observations  of  Sir  Wil- 
Btm  Hersohel  on  certain  appearances  upon  the  surlaoe  of  the  rings 
led  to  the  discovery  that  they  actually  have  a  revolution  round  their 
common  centre  and  in  their  own  plane,  and  that  the  time  of  such 
Kvolotion  is  very  nearly  equal  to  the  periodic  time  of  a  satellite 
whose  distance  from  the  centre  of  the  planet  would  be  equal  to  that 
of  the  middle  point  of  the  breadth  jof  the  rings. 

But  if  the  principles  above  explained  be.  admitted,  it  would  follow 
that  eadi  of  the  concentric  sones  into  which  the  rins  is  divided 
would  have  a  different  time  of  revolution,  just  as  satdlites  at  dif-. 
ferent  distances  have  different  periodic  times;  and  it  is  extremely 
probable  that  such  may  be  the  case,  because  no  observations  hitherto 
made  afford  results  sufficiently  exact  and  conduaive  as  to  either 
establish  or  overturn  such  an  hypothesis. 

81* 
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™,  therefore,  \a  fine,  tbat  the  Btahility  of  Iho  rin|iiito 

mxi  the  Batuc  principle  aa  the  stability  of  a  Bitellile. 

Kccentridty  of  the  rimji.  —  The  fact  that  the  BjriM  if 
coQopntrKTal  with  the  planet,  resnlted  from  BOmo  ofaiem- 
by  Messrs,  Harding  anj  Siihwabe;  after  which  the  ab- 

ns  and  mcasarementa  executed  with  the  great  Borpit  in- 
fully  establi«he<l  the  faoh  that  the  centre  of  the  rinp 
Bmall  orbit  round  the  centre  of  the  planet,  being  curicd 
he  rotation  of  the  rings,                                                        | 
ArgvmfnU/or  the  slabHit^  founded  on  tl^  fccntlricilf.—      » 
{crschel  baa  indicated,  in  this  deviation  of  the  cestrg  tt       ■ 
rom  the  ecotro  of  the  planet,  another  source  of  the  at*-      ■ 

their  circuliir  form,  and  exactly  coDcentrio  with  the  plaaet,     g 
oatrable  that  they  would  form  fin  »pit«  of  their  oeotrifopl     g 

uwcr  would  suhvcrt — not  by  causing  a  rupture  id  the  tA-     ■ 
ho  rings  —  but  by  precipitating  them,  viihrokfii,  on  At 
the  planet.     For  the  attraction  of  BUcb  a  ring  or  rings  on     | 
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land  will  snstain  a  long  pole  in  a  perpendionlar  poniion  resting  on 
tho  finger,  by  a  continual  and  almost  imperceptible  variation  of  the 
point  of  support  Be  that,  howoTery  as  it  may,  the  observed  oscil- 
lation of  the  centres  of  the  rings  about  that  of  the  planet  is  in  it- 
nlf  the  evidence  of  a  perpetual  contest  between  conservative  and 
dastraotive  powers — both  extremely  feeble,  but  so  antagonising  one 
aoolher  as  to  prevent  the  latter  from  even  acquiring  an  oncon- 
troUable  ascendancy,  and  rushing  to  a  catastrophe." 

Sir  J.  Herschel  further  observes,  that  since  ''  the  least  difierence 
of  velocity  between  the  planet  and  the  rings  must  infallibly  precip- 
itate the  one  npon  the  other,  never  more  to  separate  ^for,  once  in 
eootact,  they  would  attain  a  position  of  stable  equilibnum,  and  be 
lidd  together  ever  after  by  an  immense  force),  it  follows  either  that 
their  motions  in  their  common  orbit  round  the  sun  must  have  been 
adjnated  to  each  other  by  an  external  power  with  the  minutest  pre- 
cinon,  or  that  the  rings  must  have  been  formed  about  the  planet 
while  subject  to  their  common  orbital  motion,  and  under  the  full 
and  free  influence  of  all  tho  acting  forces." 

2823.  Saieiittes.  —  Saturn  is  attended  by  eight  satellites,  seven 
of  which  move  in  orbits  whose  planes  coincide  very  nearly  with  that 
of  the  equator  of  the  planet,  and  therefore  with  the  pkne  of  the 
rioga.  The  orbit  of  the  remaining  satellite,  which  is  the  most  distant, 
ii  inclined  to  the  equator  of  the  planet  at  an  angle  of  about  12^  14', 
ind  to  tho  plane  of  the  planet's  orbit  at  nearly  the  same  angle. 

2824.  Their  nomenclature. — In  the  designations  of  the  satellites, 
neh  confusion  has  arisen  from  the  disagreement  of  astronomers  as 
to  the  principle  upon  which  the  numerical  order  of  the  satellites 
riurald  be  determined.  Some  name  them  first,  second,  third,  &c., 
m  the  order  of  their  discovery ;  while  others  designate  them  in  tho 
order  of  their  distances  from  Saturn.  It  has  been  proposed  to  remove 
aD  confusion,  by  giving  them  names,  taken,  like  those  of  the  planets, 
Iran  the  heathen  divinities.  The  following  metrical  arrangement  of 
these  names,  in  the  order  of  their  distances,  proceeding  from  tho 
noet  distant  inwards,  has  been  proposed,  as  affording  an  artificial  aid 
to  the  memory  :— 

lapetus,  Titan  ;  Rhea,  Dione,  Tethys  * ; 
Enceladus,  Mimas . 

2825.  OriJer  of  their  discovery.  —  Since  this  was  suggested,  the 
eighth  satellite,  situate  between  lapctus  and  Titan,  has  been  discov- 
ered, and  called  Hyperion. 

*  Pronounced  TStbys. 
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I  pbeBomenK  wbkh  ve  hnp  ben  notieed  are  in  open* 
I  Gob,  ftnd  within  luch  ■  ipaoe  hsTe  these  extnordiniTj 
I  diaeOTerie*  been  made.  The  appaient  diameter  of  tlie 
I  external  edge  of  the  riogB  ia  odIj  44",  or  the  fortielli 
I  part  of  the  apparent  diameter  rf  Ue  sua  or  moon;  yet 
I  within  that  small  circle  have  been  obserred  and  mea- 
I  Bured  the  planet,  its  bells,  atmosphere,  and  rotatioD, 
I  and  the  two  rings,  their  magnitnde,  rotatioo,  and  the 
I  liBeamenta  of  their  snrface. 

2829.  Yarioja  phatet  and  appearanaw  of  de  latd- 
I  JiVea  A)  lAMcrveTt  on  iht  pianeL  —  All  that  has  been 
I  said  of  the  phases  and  appeanncee  of  tbe  moons  of 
I  Jointer,  m  presented  to  the  inhabitants  of  that  pUne^ 
I  is  eqnallf  applicable  to  the  salellilea  of  Satan,  with 
1  this  diSiuenoe,  that  instead  of  four  there  are  eight 
I  moons  contiQaallf  revolving  tound  the  planet,  and 
I  exhibiting  all  tbe  monthly  changes  to  which  we  are 
I  accnstomed  in  the  case  of  the  solitary  satellite  of  the 
I  evtb. 

Tbe  periods  of  Saturn's  moons,  like  those  of  Jnpi- 
I  ter,  are  short,  with  tbe  exception  of  those  most  remote 
I  from  the  primary.  The  nearest  passes  through  all  its 
I  pluses  in  22  J  hours,  and  tbe  fourth,  ooontiDg  upwards, 
I  in  less  than  66  hours.  The  next  three  Juin  nioothi 
I  wring  from  4  to  22  terreetruJ  days. 
I  Tb<se  seven  moons  move  in  orbits  whose  planes  are 
I  Dearly  coincident  with  the  plane  of  the  riogs.  The 
I  eonsequenee  of  this  arrangement  is,  that  they  ua 
79.  always  vimble  bj  the  inha^tants  of  both  hemispheres 
when  they  are  not  eclipsed  by  the  shadow  of  the  planet, 
two  inner  satellites  are  seen  making  their  rapid  course  along 
lenisl  edge  of  the  ring,  within  a  very  small  apparent  distanoe 
The  motion  of  the  nearest  is  so  rapid  as  to  be  perceiTable, 
uU  of  the  bonr-hand  of  a  ooloasal  time-pieoe.  It  describes 
n  22  J  hours,  being  at  the  rate  of  16°  per  bonr,  or  X&  per 
i;  so  that  in  two  minutes  it  moves  over  a  space  equal  to  the 
at  diameter  of  tbe  moon. 

eighth,  or  moat  remote  satellite,  is  in  taanv  respects  ezoep- 
aod  different  from  all  the  others.  Unlike  thciw,  it  moves  in 
it  inclined  at  a  considerable  angle  to  the  piano  of  tbe  nuga. 
I  exceptional  also  iu  its  distance  from  the  primary,  being  re- 
to  the  distance  of  Qi  semidinmetera  of  Saturn.  The  only 
uUc^ons  to  this  presented  in  the  solar  system  is  that  of  the 
moon,  tbe  distanoe  of  which  is  60  semidiameten  of  the 

D.  M^iludtt  o/lht  Kttilila.  — Owing  to  tbe.graat  diriinM 


oT  &t«in,  1i*  ADMnriou  of  tha  HteStcs  have'  not  bamt  ■«»  ' 
tuitad.  Tha  Hxth  is  ordar,  pnoeeiiBg  otHtranls,  is,  bovevarf  ' 
kBOTB4»  ba  the  UrgM^  ud  it.  amnn  ccrtaio  thut  iu  vohiuM  ii 
UhI*  Ua  (ban  that  of  th^  pkoat  Hata.  Tlie  tliree  talellitc*  na^ 
na^alelj  within  thij,  Rbe*,  XhoM,  andTelh^,  are  smaiivr  bodid^ 
and  can  odIj  be  leeii  with  telaaaopaa  at  great  povcr.  Ths  oUmc 
two^  Mimaa  and  EooeUdiu,  raqnin  ioatnunenls  of  the  very  bigbwt 
pomrand  paifeoticHi,  andatmoapharieooiriilioiis  of  tbamoat  &*t>ar^ 
ifala  Datore,  to  be  nbaaryabla  at  all.  Kr  J.  Herecbot  says,  that  at 
the  IHM  thej  were  diaaorend  bj  bia  Ikibcr  "  they  no'r«  mm  la 
flmad,  like  baada,  Uw  alntoat  inAiiitalr  thin  fibre  of'  light  to  a4u«b 
tta.risg,  there  aaen  edgewaya,  waa  ndnaad,  and  for  a  short  tiraa  to 
•draBM  off  it  at  aithar  end,  apeedilj  to  return,  aod  hastcniiij  la 
thair  hafcitinl  aoneaalBWDt  behiial  the  bodj." 
'  ^HUl.  Jfpatmt  mag%imdeM  «  lem  fr<m  Satum.~T\M  ml 
nagmtadae  «f  Ihb  aatollitea,  the  eighdi  excepted,  being  iiihwm  , 
buned,  notfaing'  ean  be  ibjwred  with  an/  cerluinlj  re^jisotiag  Qw 
apparent  magoittidea  aa  aeen  tmxa  the  surface  of  Satorn,  HW* 
what  maybe  reasonably  oonjcctnred  npon  aD3]ngi<>!i  to  other  fiu 
bodies  of  the  ajBtem.  The  gatellitcB  of  Jupiter  being  all  gnaM 
than  the  moon,  while  one  of  them  esoeeda  M>^ri:urv  in  magnilodiv 
and  another  is  bat  little  inferior  in  volame  to  tliai  planet,  it  mij  te 
assumed  witb  great  probabilit;^  of  troth  tbal  the  EsU'liiics  of  Sattm 
are  at  least  seventlly  greater  io  their  actual  diucusioai  ihas  « 

If  this  be  admitted,  their  probable  apparent  magnitudes  a*  an 
from  Saturn  may  be  inferred  from  their  dislaaees.  The  distaoot  4 
the  first,  Mimas,  from  the  nearest  part  of  ihe  surface  of  the  T^*^ 
is  only  94,000  miles,  or  nbont  2f  timea  less  tban  the  distanceir 
the  moon ;  the  distance  of  the  second  is  about  half  that  of  At 
moon ;  that  of  the  third  about  two-thirds,  and  that  of  tbe  fount 
about  five-eizthsj  of  the  moon's  distance.  If  these  bodies,  thertfiir^ 
exceed  the  moon  in  their  actual  dimensions,  their  apparent  mignl- 
tndes  as  seen  from  Saturn  will  exceed  the  apparent  magnitude  of 
the  moon  in  a  still  greater  ratio  than  that  io  wbich  the  dislaase  ^ 
tbe  moon  from  the  earth  exceeds  their  Bcvcrsl  distaoces  from  ^ 
aurface  of  Stttura.  Of  tbe  remaiiriDg  satellites,  little  is  m  nl 
known  of  the  seventh,  Hyperion,  which  has  only  i)een  re»n!lydi* 
Aorered;  and  tbe  great  magnitude  of  the  sixth,  Titan,  rendcn  it 
probable  that,  notwithstanding  its  great  -distance  from  Sstun,  << 
tnay  still  appear  with  a  disk  not  very  much  Ic^  than  thut  of  Ik 
moon. 


2832.   Bonxonfal  parallax   of  (Ae  tuteUita.  —  The 

Erallnx  is  determined  in  the  same  manner  as  for  the  satallileaif 
ijHier  (2767).    Let  thjt  valnet  of  i^  br  the  eight  aatelliM  fi> 


THE  MAJOR  PLAKETS.  871 

eeeding  oatwardd^  be  expressed  by  k,,  h^  k^,  &o.y  and  we  shall 
haye 

•.-'^-"-  '.-*^-"^  '.-^-^<^  '.-'^"^^ 
-.-^-•^  -.-^-'^   ',-5--^  '.-S^-<^- 

2833.  Apparent  magnitudes  of  Saturn  $een  from  (he  satellites. 
—  It  follows,  therefore,  that  the  disk  of  Saturn,  seen  from  the 
WfctelliteB  respectively,  subtends  visual  angles  varying  from  3-1^  sub- 
tended at  the  nearest,  to  2°  at  the  most  remote. 

2884.  Satellites  not  visible  in  the  circumpolar  regions  of  the 
planeL  —  From  what  has  been  explained  in  (2769),  combined  with 
toe  observed  &ct  that  all  the  satellites  except  lapetus  move  in  the 
plane  of  the  equator  of  the  planet,  it  follows  that  they  are  severally 
invisible  within  distances  of  the  poles  of  the  pUmet  expressed  by 
their  horiiontal  parallaxes.  Thus,  the  first  cannot  be  seen  at  lati- 
tudea  higher  than  73'';  the  second,  76'''4;  the  third,  79'' -3,  and 
io  on. " 

2835.  Remarkable  relation  between  the  periods.  —  The  periods 
of  the  four  satellites  nearest  to  the  planet  have  a  very  remarkable 
nnmerical  relation.  If  they  are  expressed  by  p,  p^^  p^',  and  p'",  we 
ahall  find  that 

p''=2p,  p'"=2p'; 

ttai  18,  the  periods  of  the  third  and  fourth  are  respectively  double 
thoae  of  the  first  and  second. 

2836.  Eolation  on  their  axes.  —  The  case  of  the  moon,  and  the 
observations  made  on  the  satellites  of  Jupiter,  raise  the  presumption 
that  it  is  a  general  law  of  secondary  planets  to  revolve  on  their 
axea  in  the  times  in  which  they  revolve  round  their  primary.     The 
gfeat  distance  of  Saturn   has  deprived  observers  hitherto  of  the 
power  of  testing  this  law  by  the  Satumian  system.     Certain  ap- 
pearances, however,  which  have  been  observed  in  the  case  of  the 
great  satellite  Titan,  indicate,  at  least  with  regard  to  it,  such  a  rota- 
tion.    The  variation  of  its  apparent  brightness  in  different  parts  of 
ita  orbit  is  very  conspicuous,  and  the  changes  have  a  fixed  relation 
to  ita  elongation,  the  same  degree  of  brightness  always  correspond- 
ing to  the  same  position  of  the  satellite  in  relation  to  its  primary. 
How  this  is  an  effect  which  would  be  explicable  on  the  supposition 
that  different  sides  of  the  satellite  reflect  light  with  different  degrees 
of  intensity,  and  that  it  revolves  on  its  axis  in  the  same  time  that 
it  revolves  round  its  primary.     It  has  been  observed  that,  when  the 
satellite  has  eastern  elongation,  it  has  ceased  to  be  visible,  from 
iviiieh  it  has  been  inferred  that  the  hemisphere  then  turned  to  the 
«arth  has  so  feeble  a  refleetive  power  that  the  light  proeeeding  from 
it  is  inaufficient  to  affect  the  eye  in  a  aenuble  degree.   The  improve 
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Lei  o  =s  eeotrifagftl  Ibroe  «t  the  plinet's  equator  related  to  ter- 
restrial gravilj  as  the  unit; 
g  =  16-08  feet; 
V  s  Telocity  of  Saturn's  equator  in  feet  per  second. 

We  shaU  then  hate  (818) 

Hm  Talne  of  T  dednoed  from  the  equatorial  diameter  of  the 
plsiiet  and  die  time  of  its  rotation  is  84|775,  and  it  follows,  there- 
fas,  that  0  =  01799. 

Dednoting  this  from  the  superficial  mvity,  undiminished  by 
*  alrMdy  computed  (2839)|  we  shsfi  have 

^  —  c  =  118  —  01799  =  0-9501 ; 

wUeh  iS|  therefore,  the  efiectiye  gravity  of  Saturn's  equator  related 
to  terrestrial  gravi^  as  the  unit 

2841.  Variation  of  gravity  from  equator  to  pole,  —  Let  e,  w, 
~  c  retain  their  former  siguifications  (2777)  (2884),  aod  by  the 

of  Clairauk,  already  nodced,  we  shall  have 

e  4-  to  =  2*5  e. 
Biit>  by  what  has  been  proved,  we  have 

e  =  0O97        c  =  ^-  =  ,^|«;  =  0189; 

from  which  it  follows  that 

10=2-6  X 0189  —0097  =  0-8766. 

It  Icdlows,  therefore,  that  a  body  which  weighs  10,000  lbs.  at 
'a  equator  would  weigh  18,755  lbs.  if  transported  to  his  pole ; 
a  body  which  weighs  100  lbs.  placed  upon  the  earth  would 
wrfrii  95  lbs.  on  Saturn  s  equator. 

nie  heiffht  through  which  a  body  would  frll  in  a  second  upon 
Satomwilfbe 

1608  X 0-95  =  15-28  feet  at  the  equator; 
15-28  X 1-875  =  25-01  feet  at  the  pole. 

The  relative  heights  through  which  bodies  would  fall,  and  the 
lengths  of  pendulums,  may  be  determined  in  the  same  manner  as 
akeady  explained  (2777). 

2842.  Prevailing  error*  respecting  the  uranographg  of  Saturn. — 
The  rings  must  obviously  form  a  most  remarkable  object  in  the 
finsament  of  observers  stationed  upon  Saturn,  and  must  play  an 
important  part  in  their  uranography.  The  problem  to  determine 
their  apparent  magnitude,  form,  and  position,  in  relation  to  the  fixe(} 
atini  the  bob,  and  Satumian  moons,  has,  dlierefore,  been  regarded 
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«  qoMtioD  of  intarMtiBs  meoalarion,  if  not  of  groat  Bcieiiti&  in 


portenm;  ind  bu,  Mocmunglr,  mem  or  kks  engaged  ihc  attentkn 
of  utrunooMfs.  It  ia  nomnelMi  •  nogular  tact,  tliat,  altbi>Dg)i 
tilt  ntgeet  hsa  beaa  diteimod  »d  «zuiiiwd  bj  v arioui  itatboriii<!i 
ix  thraM|inTten  of  >  eeatai;,  the  ooMluioas  at  which  thcj  Iutd 
snind,  and  tbe  Tiewa  whioh  have  been  gcaernllj  expressed  mmI 
adopted  reapeotiog  it,  ara  00B|4at^emiwuus. 

iB  the  Berlin  JoJMikA  iir  im,  Prbfcssor  Bode  publiihed  vx 
eaaajr  on  this  anlject,  whioli,  nkjeot  to  the  imperfect  kuowledge  af 
tke  dimeiinona  of  tbe  ringi  whuE  had  Iben  rceulied  from  the  ob- 
•erratioDi  made  upon  (hoin,  doea  not  wam  to  differ  maicriall)  in 
principle  from  the  Tiewa  adt^led  bj  tbe  most  cmioeut  Astrouooicn 


2848.  Vtem  of  Sir  J.  mmAtL  —  ^  John  Herselicl,  in  liii 
Ootlinea  of  Aatronomj,  cdiL  1849,  slatM  that  the  rioga  u  ten 
from  Satan  appear  aa  nat  arefaea  Bpannins  the  sk;  from  hori^o  U 
boriion,  holding  an  almoat  iiiTariable  utnatKia  among  the  Bti»;jml 
that,  in  tin  benisplieie  of  the  planet  whiak  is  od  their  dnrk  m^B 
aolar  eclipee  of  Ofleen  prears'  daration  taken  place. 

Tbis  fltatemeat,  which  baa  been  reprodnb^  by  almoet  all  vrikB 
both  io'  Engliitid  aoii  on  the  Continent,  ii  inoorrcct  in  both  the  p^ 
ticularg  aUlcd.  FirU,  the  ringa  do  not  hulil  an  oliuoat  ioTanabl* 
poaiUon  among  the  stars.  On  the  oontrary,  their  poation  with  t^ 
latioQ  to  tbe  fixed  stars  is  subject  to  a  ohaoge  so  rapid  th&t  i(  mvA 
be  sensible  to  observers  on  the  planet,  the  tinrs  seen  on  one  side  of 
tbe  rings  passing  to  the  other  side  fkim  hour  to  hour.  Sarondlj, 
no  such  phenomenon  as  a  solar  eclipse  of  fifteen  years'  daration,  ff 
any  phenomenon,  bearing  the  least  analogy  to  it,  can  take  plaos  m 
any  purt  of  tbe  globe  of  Satm^. 

2844.  Theory  of  JitddUr. — Among  the  continental  astronomoi 
who  have  recently  reviewed  this  qnes^on,  tbe  most  eminent  is  Dr. 
Midler,  to  wboHs  observations  and  researches  science  is  so  luigtl; 
indebted  for  the  information  we  possess  respecting  the  physical  cb>^ 
aeter  of  the  surface  of  the  Moon  and  Mars. 

This  astronomer  maintains,  like  Herschel,  that  tbe  rings  bold  > 
fixed  position  in  the  firmament,  their  edges  being  projected  on  for- 
allels  of  declination,  and  that,  oonsoatiently,  all  cclestinl  objects  *R 
carried  by  the  diurnal  motion  in  circles  parallel  to  them,  so  ttiat  b 
the  same  latitnde  of  Satnm  the  same  stars  are  always  covered  bf 
the  rings,  and  the  same  stars  are  always  seen  at  the  same  ^stas« 
ftom  them.  - 

This  is  also  inoorrect.  The  aonea  of  the  firmament  covered  lij 
tbe  rings  are  not  bounded  by  parallels  of  dccliaatioa,  but  by  cnrm 
which  intersect  these  parallels  at  various  angles. 

Dr.  Midler  enters  into  elaborate  oaloolal  ions  of  the  solar  eelipfi' 
wbiob  take  plaoe  during  the  winter  half  of  tbo  Sataraian  yiM- 
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AeenrdiDg  to  him,  at  a  certain  epoch  after  the  aatomnal  equiDox  in 
Bach  latitude,  the  ran  passes  under  the  enter  ring  and  is  eclipsed  by 
it,  and  continues  to  be  thus  eclipsed  unUl,  by  its  increasing  declina- 
kioD,  it  emerges  from  the  lower  edge  of  that  ring  and  pasncs  into  the 
openinff  between  the  rings,  where  it  continues  to  be  visible  for  an 
interral  greater  or  less  according  to  the  latitude  of  the  observer, 
until  the  further  increase  of  its  declination  causes  it  to  pass  under 
the  edge  of  the  inner  ring,  where  it  is  agun  eclipsed.  The  further 
iBcrease  of  its  declination  in  certain  latitudes  would,  according  to 
this  astronomer,  carry  it  beyond  the  lower  edge  of  the  inner  ring, 
after  which  it  would  be  seen  below  the  ring  uneclipsed.  After  the 
aobtioe  in  such  latitudes,  when  the  sun  returns  towards  the  celestial 
eqomtor,  its  decreasinff  declination  would  carry  it  successively  first 
under  the  inner  and  Uien  under  the  outer  ring.  There  would  thus 
be,  aooording  to  Madler,  in  rach  latitudes  two  solar  eclipses  of  long 
duration,  one  by  each  ring  before  the  winter  solstice ;  and  two  others 
of  like  duration,  but  in  a  contrary  order,  after  the  winter  solstice. 
In  certain  latitudes,  however,  the  declination  of  the  lower  edge  of 
the  inner  ring  being  greater  than  the  obliquity  of  the  orbit  to  the 
Satnmian  equator,  the  sun  would  not  emeree  from  the  inner  ring, 
and  in  this  case  there  would  be  only  one  eclipse  by  the  inner  ring, 
and  that  at  mid-winter;  but,  as  before,  two,  one  before  and  the  other 
■fker  the  solstice,  by  the  outer  ring,  separated  from  the  former  by  the 
time  dnriog  which  the  sun  passes  across  the  interval  between  the  rings. 

Dr.  Madler  computes  the  duration  of  these  various  eclipses  in  the 
Afferent  latitudes  of  Saturn,  and  gives  a  table,  by  which  it  would 
appear  that  the  solar  eclipses  which  take  place  behind  the  inner 
fiDg  vary  in  length  from  three  months  to  several  years,  that  the  du- 
ration of  the  eclipses  produced  by  the  outer  ring  is  still  greater,  and 
that  the  duration  of  the  appearance  of  the  sun  in  the  interval  be- 
tween the  rings  varies  in  different  latitudes  from  ten  days  to  seven 
and  eiffht  months.* 

284o.  Correction  of  the  preceding  vtewB,  —  These  various  con- 
dnsions  and  computations  of  Dr.  Madler,  and  the  reasoning  on 
which  they  are  based,  are  altogether  erroneous;  and  the  solar  plio- 
nomena  which  ho  describes  have  no  correspondence  with,  nor  any 
resemblance  to,  the  actual  uranographical  phenomena. 

We  shall  now  explain,  so  far  as  the  necessary  limits  of  the  present 
Tolnme  will  admit,  what  the  actual  phenomena  are  which  would  be 
witnessed  by  an  observer  stationed  at  different  ports  of  the  surface 
of  Satnm.  It  will  not,  however,  be  possible  to  enter  into  the  de- 
Udls  of  the  reasoning  upon  which  the  conclusions  are  based.  For 
this  we  must  refer  to  a  memoir  by  the  author  of  this  volume,  read 
before  the  Boyal  Astronomical  Society  of  London,  and  which  will 
be  seen  in  their  Transactions. 

•  See  ropulare  Astronoiuie,  von  Dr.  J.  H.  Madler.     BerVm^  \^^. 
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2846.  Fliaumena  prtmUed  lo  an  obierver  ttafiaud  at  SoltTili  ' 
motor.— Zame  of  AeJimameHt  covered  by  tfie  ring. —  Theetotioo 
'  «  the  ohMTTar  in  this  onae  beiog  in  the  plaoe  of  the  ring,  Mud  iLd 
bMTCO*  luviog  tbe  ehuaoter  of  ft  right  sphere,  the  ring  will  co\a  » 
MM  ot  Um  SnuuDeot  ocnnd^Dg  with  tbe  prime  vertical,  wLicti,  in 
ttii  MM  IB  ibo  the  oeleatttl  eqnat^i.  It  will  therefore  pasa  Uiniug^ 
tka  muu  of  tlw  obaorer  aA  rigat  aoglea  to  bis  meridisa,  desModiai 
to  tiM  horino  it  tlie  eaot  and  west  poiutH.  The  oaly  part  of  lb 
mtm  tf  ringi  exposed  to  view  is  the  ianer  edge  of  the  inner  lii^ 
Th»  td^  u  UIomiDated  &t  night  by  tbe  mm  at  all  times,  except  it 
tbe  eqoiDOX.  whan  the  bqd,  Deing  in  ihe  plane  of  Uie  ring,  oh 
MB^onla  of  tba  ring  throws  its  ahadow  on  tbo  other ;  uid  esceptii^ 
■in,  that  are  ot  the  ring  on  which  the  ibadow  of  the  planet  &Ua 
Ib  As  dajr-time  the  edge  of  the  ring  is  rather  ationgly  Ulumiiulal 
In  li^t  refleotod  from  the  exIenuTS  and  aot  very  remote  maba 
M  the  planat. 


The  thieknen  of  the  ring  not  being  cuctlj  asoertained,  tht » 
parent  width  c^  tbe  tone  of  (he  Grmament  vhidi  it  coven  «aaiiU  M 
datcnuDed  with  precision. 


If,  however,  the  major  limit  of  250  miles,  asugned  to  the  tbiit 
neas  bj  Sir  J.  Herschel,  be  adopted,  the  oorresponding  limit  of  dit 
apparent  width,  obtained  bj  tbe  asual  mclhod  of  cdculatioa,  bj 
eompariQg  thu  thickaeas  with  its  disunce  from  the  observer,  mil 
jive  itf  as  the  apparent  breadth  of  the  aone  occupied  by  the  ring  at 
the  aenith;  and  sioce  tbe  observer,  being  Btatioacd  at  the  pwitd 
(^.  780)  oonsiderably  removed  from  the  centre  o  of  the  ring,  ii  H 
a    greater    distance   op"    o p     frM 

jj^ "-^^^^^  those  points  of  the, ring  whioh  nwtt 

tg/'^'-X  •__\^„  ^^  horiion  than  bom  that  which  '» 
-^P^  "^  *^  at  the  aenith,  the  apparent  breadth  of 
the  ring  will  graduallj  decrease  fnn 
the  lenith  z  to  the  horiaoa  ia  tk 
same  proportion  as  tbe  distaaoe  i 
sacoeeaive  points  p,  p*,  &c.,  of  tlw  iii( 
nc.  TM.  from  the  station  of  the  obaervcr  ia 

creases.  From  the  known  valoHnf 
tiie  diameters  of  the  planet  aad  the  ring  already  given,  it  ia  *m  * 
show  that  the  apparent  breadth  of  the  ring  at  the  horiaoa  wJUbt 
lest  than  its  apparent  breadth  at  the  acnith  in  the  ratio  of  9  1*4 
very  nearly,  that  being  the  inverse  ratio  of  the  distance  of  tba  tn 
pcnnta  from  the  observer.  If,  therefore,  tbe  apparent  breadth  of  tk< 
ring  at  tbe  aenitb  z  be  45',  its  apparent  breadth  at  the  horiaoa  iff 
will  be  20*. 

It  appears,  therefore,  that  a  zone  of  the  firmament  ia  in  thaWl 
eorered  by  tbe  nag  extending  22^'  N.  and  S.  of  the  eqoalor  atlkl 
■eidth,aDd  lO*  N.  andS.  nf  it  at  the  horiion,aodgn(liulljdiaM»- 


J 


THE  SIAJOR  PLANKTS.  377 

ing  io  width  from  the  one  point  to  the  other.  It  follows  that  two 
fnlleb  of  decliD&tioQ  at  2*2  ('  N.  and  S.  touch  this  looe  at  the 
poiots  where  it  iotcrKCta  the  meridian,  and  lie  elsewhere  alcngether 
dear  of  it ;  and  two  other  parallels,  wh»fe  declination  N.  and  S.  is 
Ifff  meet  it  *t  the  horiion,  and  lie  el^wherc  alrnoether  within  it. 
Re  intermediate  parallels  intersect  the  edge*  of  the  sone  at  certain 
pUkiB  between  the  zenith  and  the  horizon,  and  pa«s  outside  it,  below 
«d  under  it,  abore  those  points.  It  follows  from  this,  that  all 
Ajeets  flitnafte  in  such  parallels  rise  clear  of  the  ring,  pass  under  it 
i  a  eertain  altitude,  and  culminate  occulted  bj  it.  Ail  parallels  of 
kedinaiion,  whose  distance  from  the  equator  is  less  than  }(/,  are 
alirelj  oorered  by  the  ring  from  the  horizon  to  the  zenith  ;  and  all 
hjjUitB  placed  on  such  parallels  are,  consequently,  occulted  by  the 
mg  tfarongh  the  whole  period  of  their  diurnal  motion. 

2847.  Solar  edipBa  at  Saturn' $  equator,  —  These  obeerrations 
!•  applicable,  of  course,  not  only  to  the  sun,  but  to  all  objects  of 
^agoible  declination.  As  to  the  sun,  its  apparent  diameter  at 
ktora.  being  3^*3,  its  disk  will  be  in  external  contact  with  the  ring 
It  the  lenith,  when  the  declination  of  its  centre  is  24 \',  and  in  in- 
tamal  contact  with  it  when  its  declination  is  21'. 

From  a  calculation  of  the  rate  at  which  the  sun  changes  its  deeli- 
lation  at  and  near  Saturn's  equinox,  derived  from  the  ascertained 
obtiqnity  of  his  eqnator  to  his  orbit,  it  may  be  shown  that  it  will 
kate  the  declination  24}'  at  twenty-two  days  before  the  equinox,  and 
the  declination  2V  at  nineteen  days  before  it.  At  twenty-two  day  a 
before  the  equinox,  therefore,  a  partial  eclipse  of  the  sun  by  the  ring 
at  the  acnith  will  commence,  which  will  become  total  at  nineteen 
dajB  before  it. 

Bat  thongh  total  at  the  zenith,  it  will  still  be  only  partial  at  luw<^r 
iltiiades,  and  the  sun's  disk  will  be  clear  of  the  ring  altogether  when 
Mill  nearer  to  the  horizon. 

When  the  sun's  decliuation  still  decreasing  becomes  ll'-65y  itn 
will  be  in  external  contact  with  the  ring  at  the  point  where  it 
and  sets;  and  when  its  declination  becomes  8''35,  it  will  be  in 
internal  contact,  and  therefore  totally  eclipsed.  The  sun  will  have 
the  former  declination  at  ten  days  and  a  half,  and  the  latter  at  seven 
daya  and  a  half,  before  the  equinox. 

It  follows,  therefore,  that  the  sun  will  be  totally  cclipf^-^d  from 
rising  to  setting,  seven  days  and  a  half  before,  and  seven  days  and 
a  half  after,  the  equinox,  to  an  observer  stationed  on  the  equator  of 
the  planet. 

2848.  EcUpuM  of  the  satellite*.  —  The  orbits  of  the  six  inner 
Mtellitea,  being  exactly  or  nearly  in  the  plane  of  the  ring,  they  will 
be  permanently  eclipsed  by  the  ring  to  an  observer  stationed  on  the 
phmet's  eqiutor,  unless,  indeed,  the  uppareut  niiignitiidcs  of  their 
disks  exceed  the  apparent  width  of  the  ring.     The  real  magnitude 

32* 


of  dw  tli^^lli*—  being  nnsscertained,  it  u 

ll>^  kppanDt  nwDitudcti ;  from  analogji  it  would  sppear  h 

that  th^  ihonld  pe  so  great  ua  the  apparent  width  of  tbe 

at  the  horiioo,  utd  unless  they  depart  to  some  extent,  bj 

hmU  oUiqiutiea  in  their  orbits,  from  tiie  plane  of  the  ring^iS 

"*«  of  ttum'iBnit  be  perm&neatly  intercepted  from  an  obaener  Aa 


The  ei^tb  attellite,  however,  whoM  orbit  b  inclined  to  tbe  phn 
of  the  ring  at  an  angle  of  aboot  13°,  departs  N.  and  S.  of  tbe  li^i 
to  tliia  extent,  and  is  subject  to  eclipoes  Bimilar  to  thoee  of  the  ■■ 
already  deaoribcd. 

2849.  f^emomena  pretenled  to  an  dbteroer  at  other  SatvuiM 
ttttitudet.  —If  an  observer  be  stationed  at  any  point  on  one  of  At 
Deridiau  at  the  ^anet,  on  the  Bame  side  of  the  ring  as  tbe  mn,  lb 
nag  win  pt«Nlit  to  him  the  appearance  of  an  arob  in  the  heanas 
t«uingMKM  leaenblanoe  in  iU  form  to  a  rainbow;  the  sni&ee,  hee* 
«m  banog  aa  a^narance  resembling  that  of  the  moon. 

Ttta  vettez  or  highest  point  of  this  arch  will  be  upon  bis  meridiu, 
and  the  two  pntiooa  into  which  it  will  be  divided  by  the  meridin 
will  be  e(}naraiid  similar,  and  will  descend  to  the  horiion  at  pcnh 
eqnally  diatant  tmta  the  meridian.  The  apparent  breadth  of  tbii 
illaminated  botr  will  be  greatest  npon  the  meridian,  and  it  will  d«- 
OKaae  in  desoending  on  either  side  towards  the  horison,  where  it 
will  be  least  Tho  divisioo  between  the  two  rings  will  be  appaml^ 
and,  exoept  at  places  within  a  very  short  distance  of  tbe  eqiutiir, 
tbe  firmament  will  be  visible  through  it 

2850.  Edge*  of  the  ring»  seen  at  variahie  dittance*  Jrom  edit- 
tial  tguator. — The  distance  of  the  edge  of  the  bow  from  the  eel* 
lial  eqoator  will  not  be  every  where  the  sane,  as  it  has  been  eno- 
neonsly  assumed  to  be.  That  part  of  the  bow  which  is  npon  ibt 
meridian  will  be  most  remote  from  tbe  celestial  equator;  and  is 
desoending  from  the  meridian  on  either  side  towards  tbe  haraao, 
the  declioation  of  its  edge  will  gradnally  decrease,  so  that  the* 
points  which  rest  upon  the  horiion  will  be  nearer  to  the  equator 
than  the  other  poitits. 

2851.  Paralleli  of  detUnation,  therefom,  itUfttect  Aw. —It 
follows  from  this,  that  tbe  parallel  of  declination  wbiob  panM 
throngh  the  pointe  where  the  upper  edge  of  .the  bow  meets  iW 
horiion  will  lie  every  where  above  it,  and  the  parallel  which  pisM 
through  the  point  where  the  upper  edge  crosses  the  meridiaa  will 
lie  every  where  below  that  edge.  This  necessarily  follows  &on 
the  faot,  that  the  decliuatioa  of  the  points  where  tho  edge  meets  tbe 
horison  is  less,  and  that  of  the  point  where  it  meets  the  meridiu 
greater,  than  that  of  any  other  point  upon  it. 

It  appeata  from  this,  that  all  parallels  whose  deolinatioas  an 
grwrfor  than  tboee  of  the  points  where  the  edge  meeta  tbe  bofiag^ 
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thmt  of  thf  pcnst  when  it  eroMM  the  meridian,  rnnrt 
edge  between  the  honK»  and  the  meridian,  and  aiaat 
below  it  under  the  point  of  interaeotioo,  ud  above  it 
tof  interaeotioii. 

littooe  tre  equally  ^iplioabla  to  each  of  the  edges  at 
ria^  and  will  aerre  to  detennine  in  all  oaMa  thoM 
^  will  intereeot  then  reepeotiTel;. 
jnplaetd  tj/mmttricaS^  m  rdatio*  to  nuridia*  oMd 
'na  the  sjinmetrioal  poaition  attath  of  the  edges,  with 
a  meridiaB  and  botiioo,  it  wilt  be  qipaieat  that  the 
A  CMofa  parallel  inleneols  them  will  be  nmilarly  fJaoed 
ti  the  meridian,  haring  eqoal  altitudes  and  eqml  an- 
IW. 

•M  ^  (A<  pr^feeluM  ol  Jifimi  lofAwlK  —The  gene- 
pontioo  of  the  bow  ftsmed  bj  As  piMsetiBn  ca  tbs 
w  ftrmansnt  in  eseh  bdtude  maj  be  eadUy  determined 
7  gtonetrioal  ^iaei^es.    Let  PS  (/Ig.  781)  be  the 


■!■  ill 1i  Hill  111 r  ll  I  ling..  Out  the  olhariHinIi  of 

jrojection  approach  nc-urer  to  tlio  celee'tial  equator  as  tlieir  tli^ 
I  bom  the  meridUti  inoreases ;  and  that  ibey  have  equal  dMlk 
«B  at  equal  distances  east  and  west  of  the  meridian. 
i  Uliutnle  this  still  more  fully,  let  noe,^.  782,  be  a  quad- 
f)t  m  meridisQ  of  the  planet,  a  bciog  its  ceulre  and  c  e  its  m^ 
eter-  Let  r  n'  be  a  section  of  Che  inner  ring,  made  bj  tbs 
B  o(  the  meridiBO  coutinuL'd  through  the  ring,  and  let  r  r'  ba  ft 
■eetioa  of  tbe  exterior  ring- 

i^.  Jtingt  invitihU  ahom  lat.  63°  ^Q^  3S".— If  we  nippoas  an 
nrer  to  travel  upon  the  meridiaa  from  the  pole  n,  towards  ilia 
ttor,  it  u  evidcct  that  nt  first  all  view  of  the  riug^will  be  inter- 
ed  b;  the  convexitr  of  the  met.  If  a  line  be  drawn  from  r, 
extcTDAl  point  of  the  eitei  log,  touching  tbe  planet,  it  ma 
pn>Ted  llwt  the  point  of  c  it  will  be  at  the  latitude  of  68° 
58"  ;  wxl  it  is  evident,  that  wuen  the  observer  has  descended  to 
latitude  tbe  point  r  will  be  in  his  horizon,  and  consequently  at 
higher  latitudes  it  will  be  below  his  horizon,  and  therefore  ia- 
Ue.  It  appear?,  therefore,  that  no  part  of  the  outer  ring  is 
ble  from  any  latitude  above  63°  Z&  38",  and  tbat  at  this  latitude 
angle  pMot  of  Uie  exterior  ring  is  viuble  just  touching  the 
them  point  of  the  borition. 

1855.  Appearance  at  lat.  59°  SV  25". — If  the  observer  now  de> 
nd  to  lower  latitudes,  tbe  cstcrior  ring  will  begin  to  rise  above  ' 
horiaon  at  the  soalhem  point ;  and  it  can  be  shown  that  wfaeti 
has  desoended  to  the  latitude  59°  '2(/  25",  his  horicoa  will  joat 
idi  the  inner  edge  /  of  the  exterior  ring,  cutting  oS  a  segmeot 
that  ring,  which  will  be  seen  above  the  huriKon. 
Tbe  poMtJon  of  the  ring  thus  yiaiblo  above  tlie  horiion,  will  haye 

I  appearance  of  a  lunar  segn      t. 

2656.  Appearatuc  al  laL  51  J2'  20". — If  the  observer  oontinne 
desoend  to  a  lower  latitude,  me  ring  will  continue  to  rise  to  ft 
eater  eleratioii,  and  the  interval  between  the  rings  will  become 
able.     When  he  baa  descended  to  tbe  lat.  58°  32'  20"  his  boriioii 

II  just  Unth  the  outer  edge  of  the  inner  ring,  and  a  segment  of 
t  interval  kelw«co  the  rings  will  be  visible  under  the  arch  of  the 
let  rin^  wliicfa  will  appear  projected  upon  the  southern  firma- 
»L 

Tbe  DvMc  ring,  thereinre,  is  presented  to  tbe  obeerver  in  this  caM 
ft  IttOtf  bow  (panning  the  southern  firmament  It  mu»t  be  ]«- 
mbc  '  '  '  :  declinations  of  tbe  points  at  which  each  of  the 
gm  ii  meridian  being  greater,  and  the  declination  of  the 

uiia  meet  the  boriaoo  less,  than  that  of  any  intenM- 

Ue  p  -  illels  having  declinations  between  these  will  Inter- 

at  Iha  eugiw  Mivcrally,  while  all  parallels  whose  dcclinutioo  is  b»- 
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Im^  by  Atm  ak  mxj  pdn^  n  tlwt  Uw  nutllob  wUeh 


»d;  nine  parallels,  however,  Ijing  entirely  above  udotlMti 
'  below  it,  as  representad  in  /y.  788.  It  will  ba  mct  to 
e  by  this,  without  rendering  the  diagrams  complioBtM  by 
Ting  upon  them  tbe  arcs  of  the  pnraUels,  tliut  ihej  will  M 
ly  inlcrlaced  by  these  piirallels,  whicli  will  pass  iJlflrutdT. 
>Dd  below  ihe  ring.',  Uing  at  nuu  place  covered  h;  ibon,  BM 
faer  UQCtJverid;   at  uite  point  eros^ing  [hi;  intcrrni  t 


luj  be  altoMdiar  oovnvd  l^Utt  m 
uosrtaiDod,  In  an  iBTMtifliliaa  of  I 
tba  bow  in  Parent  htitiidM,  that  ti 
panlkl  liai  allogeAtr  iridiiB  Oa  inl 
dtoie  iiMdilM  betanen  te  latftodM 
latitoJea  of  tba  pkoet  from  wbjdi  tba 
vWUa,  tba  paiallelt  wbkb  paw  batv 
within  the  inlarfaL  aod  partly  abora  a 
2860.  Oto«l(a(&M^«cfa(taIo^ 
fcm  all  tbM^  tha^  fai  Mnanl,  oakaliit 
dianal  nwtiai  alternat^T  abora  aad  fad 
riogi;  and  if  a  p^el  mtaneeta  aU  < 
naB7  flaaea,  titan  Iha  olgeot  in  mdi  i 


I,  will  pua  BooeeanTClj  nsdar  O* 
«  (iioB,  wul  ba  viaiUa  in  anaaiu  dM 
will  snlminata  abon  than :  and  toil « 


r,  and  at  ^aeiaelj  the  aan 
and  W.  of  the  meridian-  ■«  "— *  — -"^  ' 
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Klien,  M  happens  in  some  cases,  the  parallel  which  conies  nnder 
le  conditions  ^lls  within  the  range  of  the  sun's  doclination,  that 
0  say,  when  its  declination  is  less  than  26^  48'  40",  the  sun,  at- 
ling  this  particular  declination,  will  suffer  four  such  eclipses  be- 
en rising  and  setting, — two  before  and  two  after  culmination. 
ii  aome  cases  a  parallel  of  declination  will  be  covered  by  the 
er  ring  at  the  meridian^  but  will  be  dear  of  it  near  the  horizon. 
is  will  take  place  when  the  declination  of  the  parallel  is  greater 
n  that  of  the  points  where  the  lower  edge  of  the  ring  meets  the 
iaoDi  and  leas  than  that  of  the  point  where  it  meets  the  me- 
ian.  In  that  ease,  an  object  in  such  a  parallel  will  rise  and  set 
IT  of  dM  ring,  but  will  be  occulted  by  it  at  euln^ation.  Such 
olge0^  therefore^  will  be  oocnlted  only  once  betMIn  rising  and 

ting. 

ka  oljeet  may  in  like  manner  be  oocnlted  at  or  a  little  above  the 
nMB  1^  the  inner  ring,  and  mav  culminate  in  the  interval,  or  it 
y,  after  being  occulted  by  the  inner  ring,  pass  under  the  outer 
K  and  eulminate  occulted  by  it. 

ui  fine,  all  these  various  phenomena,  and  many  others  too  nume- 
■  and  complicated  to  be  explained  here,  are  manifested  in  the 
nmian  firmament,  and  the  sun  itself  is  subject  to  most  of  them. 
happena,  in  some  cases,  that  a  certain  number  of  parallels  of  de- 
latka  are  entirely  covered  by  the  outer,  and  others  by  the  inner 
g;  and  when  the  sun  is  found  at  any  one  of  these  parallels  it  will 
cclipaed  constantly  from  rising  to  setting  by  one  or  the  other 

tMO.  Zone  visible  between  the  rings.  —  The  zone  of  the  heavens 
iUe  between  the  rings  is  found  by  calculating  the  visual  angle 
itended  at  the  station  of  the  observer  by  lines  drawn  to  the  inner 
p  of  the  onter  and  to  the  outer  edge  of  the  inner  ring,  supposing 
It  the  thickness  of  the  outer  ring  bears  an  inconsiderable  propor- 
n  to  the  width  of  the  space  which  separates  them ;  and  it  is 
ident  that  the  magnitude  of  this  visual  angle  will  gradually  and 
lefinilely  decrease  as  the  observer  approaches  the  equator,  inas- 
leh  as  the  obliquity  of  the  vbual  ray  to  the  plane  of  the  rings 
lefinitely  increases. 

2861.  Effect  of  the  thickness  of  the  rings  on  this  zone. — If,  how- 
BTy  the  thickness  of.  the  outer  ring  be  supposed  to  bear  any  con- 
erable  ratio  to  the  width  of  the  space  between  the  rings,  it  will 
craept  a  portion  of  the  visual  rays  included  within  the  angle 
ned  by  the  rays  drawn  to  the  edges  of  the  two  rings,  and  the 
BdiTe  opening  will  be  found  by  subtracting  the  visual  angle  sub- 
ided  by  the  thickness  of  the  outer  ring  from  the  visual  angle  sub- 
ided  by  the  space  between  the  rings ;  and  since  the  obliquity  of 
B  ywul  rays  bonndinff  the  former  ffradually  diminish -h  in  ap- 
oadiing  the  equator,  while  the  obliquity  of  the  visual  rajs  bound- 
iir.  33 
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ter  CTBdually  ioereasC!',  it  ia  evident  that  tihe  rinul  n^ 
bj  ilie  lliiL-kneM  of  tlie  outer  ring  ccmtiouaDy  incresaog 
me  certain  lutitudo,  became  equal  to  the  visual  sagle  sab- 
the  space  between  tbe  rings;  tnd  at  that  latitDik  acoxi- 
ncll  aa  at  all  inrerior  latitudes,  the  thickness  of  tbe  outa 
ullogether   intercept   the   opening,  and   no   tone  of  the 
ill  bo  visible  through  it.     I  have  foand  by  caleulatilm 
0  miles  be  admitted  as  the  major  limit  of  tbe  rings,  ill 

iw  8" ;  and  if  the  probable  minor  limit  of  150  miles  U 
all  view  will  be  intercepted  ut  and  below  tbe  latitude  of  5°. 
Solar  rclipses  ty  ihe  rings.  — The  priociplea  Opon  whick 
iiesJuthe  rings  in  each  latitude  are  calculated  are,  the* 
y  unBeretood.      B;  eooiparing  tbe   parallel  of  declia*^ 
n  at  any  time  with  tbe  parallels  of  declination  of  the  poiota 
h  of  the  edges  of  each  of  the  rings  meets  tbe  horiioa  and 
iiin,  the  conditiona  under  which  it  will  intersect  theedgM 
will  be  determined,  and  hence  it  will  appear  that  amoK 

e  works  in  whieh  the  uranography  of  Saturn  baa  been  io- 
.  nre  brought  to  light.     In  the  lower  latitudes  the  sdo  on-    | 
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on  the  same  principles  ezacUy  as  those  of  the  sun^  mutatis  mti- 
tanffis. 

2bt>4.  Satumian  iecuons.  —  It  has  been  shown  (2795)  that  the 
axis  of  the  planet  is  inclined  to  the  plane  of  its  orbit  at  an  an<;Ie  of 
26^  48'  4(r,  and  is^  like  the  axis  of  the  earth,  carried  parallel  to 
Itself  round  the  sun.  The  obliquity  therefore  which,  so  fur  as  the 
san  is  concerned^  determines  the  extremes  of  the  Satumian  seasons, 
daSen  by  no  more  than  3^  from  that  of  the  ecliptic.  The  tropics 
are  paralleb  of  latitude  26^  48'  40"  north  and  south  of  the  equa- 
tor. The  parallels  within  which  the  sun  remains  in  winter  below 
the  horiaoa  during  one  or  more  revolutions  of  the  planet  are  at  the 
latitude  63^  11'  20".  These  circles,  therefore,  affect  the  Satumian 
dimatology  in  the  same  manner  as  the  tropics  sod  polar  circles 
■fleet  that  of  the  earth.  The  slow  motion  of  the  sun  in  longitude, 
and  ita  rapid  diurnal  motion,  however,  must  produce  important 
difereneea  in  its  effects  as  compared  with  those  manifested  on  the 
euth.  While  the  snn;as  seen  from  the  earth,  changes  its  longitude 
■t  the  mean  rate  of  very  nearly  1^  per  day,  its  change  of  longitude 
for  Satnm  is  little  more  than  2'  per  day ;  and  while,  as  seen  in  the 
terrestrial  firmament,  it  is  carried  by  the  diurnal  motion  over  1^  in 
four  minutes,  a  Satumian  observer  sees  it  move  over  the  same  space 
in  len  than  two  minutes.  If  the  heating  and  illuminating  power 
of  the  san  be  diminished  in  a  high  ratio  by  the  greater  distance  of 
that  Inminary,  some  compensation  may  perhaps  arise  from  the  rapid 
alternations  of  light  and  darkness. 

III.   U&ANU8. 

2865.  DUcovtry, — While  occupied  in  one  of  his  surveys  of  the 
heavens  on  the  night  of  the  13th  of  March,  1781,  the  attention  of 
Sir  'William  Herschel  was  attracted  by  an  object  which  he  did  not 
find  regbtered  in  the  catalogue  of  stars,  and  which  presented  in 
the  telescope  an  appearance  obviously  different  from  that  of  a  fixed 
star.  On  viewing  it  with  increased  magnifying  powers,  it  presented 
a  sensible  di^k ;  and  after  the  lapse  of  some  days,  its  place  among 
the  fixed  stars  was  changed.  This  object  must,  therefore,  be  either 
a  eomet  or  a  planet;  and  Sir  W.  Herschel,  in  the  first  instance, 
announced  it  as  the  former.  When,  however,  submitted  to  further 
and  more  continued  observation,  it  was  found  to  move  in  an  orbit 
nearly  circnlar,  inclined  at  a  small  angle  to  the  plane  of  the  ecliptic, 
and  to  have  a  disk  sensibly  circular. 

It  appeared,  therefore,  to  have  the  characters,  not  of  a  comet,  but 
a  planet  revolving  outside  the  orbit  of  Saturn.  It  was  named  the 
^Oeorgium  Sidus"by  Sir  W.  Herschel,  in  compliment  to  his  friend 
And  patron  George  III.  This  name  not  being  accepted  by  foreign 
astronomers,  that  of  "  Herschel "  was  proposed  by  Laplace^  and  to 


,'h' 
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■oDM  extent  for  m  tfape  adbpldL    DiflilUft^j,  kowefw,  Ike 
tifie  world  has  agreed  upon  die  iMune  ^1Trttia%''  1^  lAUk  Urn 
member  of  the  sjetem  it  nour  onifenNdlj  dengnetod. 

2806.  Fariod,  h^  $^nodk  molMfi.— Owiu  to  t|ie  gml  \nA 
of  the  period  of  this  planet^  thoae  methods  of  datominatioB  whial 
require  the  obeenratioo  of  one  or  more  eomplete  vefolntioM  esril 
not  be  applied  to  it  Tlie  aynodio  ymod,  howeiver,  or  the  iilviil 
between  two  iuooeanTe  ompoaitiona,  niBg  onlj  8094  dn|%  aufU 
a  meana  of  obtaining  a  ml  apprgrimation.    lUa  gjms 

11  1 1 

.  ■  ■■*. 

which  givea  aperiod  of  80,648  dajri- 

ia  in  auadratare,  ita  Tiaoal  diiectioa  Ming  a  tangent  to.thn-mii^ 
ortiit  ita  apparent  plaoe  b  not  aiSBOted  bj  the  earth'a  orkifeal  r"^ 
In  die  quMlratore  which  preeedea  oppoailioii,  the  earth 
directly  toward»  the  planet;  and  in  the  ooadntare  whiah  Mbp. 
oppceition,  it  mo?ea  directly  /rom  the  plaiiet  lb  aaitlNr. 
therefore^  wodd  ita  motion  prodace  any  apjparant  nhaiw  eif  .^  ^ 
in  the  planet.  It  followa,  therefore,  that  wnen  a  pknel  la  in  qii 
ratare,  its  apparent  motion  is  due  exclusively  to  ita  own  awtki^ 
and  not  at  all  to  that  of  the  earth.  The  daily  motion  of  the  phait 
as  then  observed  is,  therefore,  the  actual  daily  increment  of  its  gM^ 
centric  longitude. 

But  in  the  case  of  a  planet  such  as  Uranus,  or  eren  Sttaam^ 
whose  distance  from  the  sun  bears  a  large  ratio  to  the  earth'a  di^ 
tance,  the  geocentric  motion  of  the  pUmet  will  not  differ  aaasibly 
from  the  heliocentric  motion ;  and,  therefore,  the.  geocentric  ifBj 
increment  of  the  planet's  longitude  observed  wh^  in  qoadkalM 
may,  to  obtain  an  approximative  value  of  the  period,  be  takan  tt 
the  daily  increment  of  the  heliocentric  longitode.  If  tUa  iMi^ 
ment  be  expressed  by  /,  we  shall  have 

860*> 

Now,  it  is  found  that  the  apparent  daily  inorement  of  die  phaH^ 
longitude  when  in  quadrature  is  42'''28.  If  860^  be  ledaeal  H 
aeconds  we  shall  then  have 

By  more  accurate  calculation,  the  periodic  time  haa  been  detanmii 
at  80,686-82  days,  or  84  years. 

2868.  Hdiocentric  moUon. — The  mean  heliooentrie  metipiif 
the  planet  ia  therefore^  more  exaotlyy 
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^  =  4M7'8''-5ye.rly; 
.gi^=  21' 25''-7  monthly; 

11^^  =  42-288  a.U, 

2869.  Synodic  motion, — The  mean  daily  appirent  motion  of 
h»  nu  being  0^*9856,  or  3548''-16,  the  mean  daily  synodic  motion 
ir  inerement  of  elongation  of  Uranna  will  be 

854816 — 42''-23  =  8505"-93  =  58'-48  =  0^-976. 
Rba  ijiiodie  period  ia  therefore^  more  exactly, 

360 

0:975  =  ^^^'^^  ^'^' 

IW  enrthy  iherefbre,  in  4^  days  overtakes  the  planet,  after  com- 
phtmgeneb  sidereal  revolution. 

2870.  Distance.  —  The  mean  distance  r  of  the  planet  from  the 
nOp  detarmined  by  the  harmonic  law,  is  therefore 

1*  =  84«  =  7056, 
r  =  1918. 

Hm  mean  distance  is  therefore  19-18  times  that  of  the  earth,  and, 
QQQseqnently,  the  actual  distance  is 

05,000,000  X 1918  =  1,822,100,000  miles. 

Tht  distance  of  Uranus  from  the  sun  is  therefore  1822  millions  of 
lukt,  and  its  distance  from  the  earth,  when  in  oppoaition,  is  there* 
hn  1727  millioDs  of  miles. 

The  eccentricity  of  the  orbit  of  Uranus  being  0046,  these  distances 
are  liable  to  only  a  very  small  variation.  The  distance  from  the 
sun  is  increased  in  aphelion,  and  diminished  in  perihelion  by  less 
than  a  twentieth  of  its  entire  amount.  The  plane  of  the  orbit  coin- 
cides very  nearly  with  that  of  the  ecliptic. 

287  !•  Relative  orbit  and  distance  from  the  earth, — ^The  relative 
proportions  of  the  orbits  of  Uranus  and  the  earth  are  represented  in 
fig,  790,  where  E  s'  s''  is  the  orbit  of  the  earth,  and  s  u  the  distance 
of  Uranus  from  the  sun.     The  four  positions  of  the  earth,  corre-, 

Kding  to  the  opposition,  conjunction,  and  quadratures  of  the 
et|  are  represented  aa  in  the  former  cases. 
2872.  Annual  parallax, — Since  s  u  is  19*18  times  bx,  we  shall 
haf«  ftr  the  angle 

^      57*>-80      ^^ 

1918 
S3* 
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The  diameter  of  tbe  esrth'fl  orbit,  measuring  u  it  does 
nearl/  200  millions  of  miles,  therefore  Eubrends,  it 
Uranus,  a  visual  angle  <jf  onl;  6° ;  and  a  globe  which 
vould  fill  it,  seen  from  ibe  planet,  would  hara  Mimp. 

of  the  moon. 

2873.    ra«(Ka7eo/(A«ewiiWmoh-on.  — Thaift- 
tance  of  Urnoua  from  the  sua  being  abore  ninrtlifB 
timoa  that  of  the  earth,  and  the  earth  being  at  mfc  a 
distance  that  light,  raoTing  at  tbe  rate  ol  Mkrif 
200,000  miles  per  second,  takea  about  eiftht  bhbUm 
h)  come  from  the  sun  to  the  earth ;  it  followi  thai  it  ; 
will  take  19x8  =  152  minutes,  or  twxi  honrs  and  i 
half,  to  move  from  the  Bun  to  Urann^.     Sunrise  ind 
sunset  are,  therefore,  not  perceived  by  the  iobabitanH 
of  that  planet  for  two  boure  and  a  half  after  Uwj 
real Ij  take  place;  for  the  san  does  not  appear  to  iiM 
or  set  until  the  light  moving  from  it,  at  the  maineiil 
it  touches  the  plane  of  the  horiioa,  reaches  the  eje  d 
the_ob9erver. 
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3877.  Saktr  tight  and  htoL  —  The  kppiKnt  ditmater  of  the  auo, 
u  Been  from  Uraons,  ie  lew  tb&n  u 

a  wen  from  the  earth  in  the  ntio  of 
1  to  19.  The  magnilnde  of  the 
nui'i  disk  at  the  eartb  being  sup- 
; 


TIg.f». 


magnitude  seen  Crom  Cronoa 
I  wonld  be  v. 

The  illnmiDating  and  warming 
I  pover  of  the  lolar  nyt,  wider  the 
I  fame  phytiral  condilion*,  are  there- 
fore 19' r^  361  times  leas  at  Uranus 
than  at  the  eartb. 
n^*.  —  It  was  at  one  time  saspeeted  hj  Sir 
■  planet  was  sarronnded  by  two  sjstems  of 
lan  with  planes  at  right  angles  to  each  other.  Subsequent  obser- 
vation has  not  realised  this  conjecture. 

2879.  Sab^itet.  — It  has  been  ascertained  that  Uraoos,  like  ibe 
Other  major  planets,  is  attended  by  a  i^jBtein  of  satellites,  the  Dum- 
ber of  which  is  not  yet  certainly  determined,  and  which,  Trem,  the 
great  remol«ties8  of  the  Uraoiaa  sjstem,  cannot  be  seen  at  all 
except  bj  the  aid  of  the  moat  perfect  and  powerful  telescopes. 

Sir  W.  Herachel,  soon  after  discovering  this  planet,  announced 
du  existence  of  a  ajstem  of  aix  satellites  attending  it,  barieg  the 
periods  and  distances  expressed  in  the  following  Table :— 


OH... 

^^ 

1 

D.            B.            M,            L 

»        IS       M       ai-a 

10            33           t 

Z3-I 

n-nt 

Subsequent  obserrations  have  confirmed  this  discovery  so  far  only 
aa  relates  to  the  foor  inner  satellites.  The  fifth  and  sixth  not 
having  been  re-obmrred,  notwithstanding  the  vast  improvement 
which  baa  taken  place  in  the  conBtmotion  of  telesoopes,  and  the 
greatly  tnnltiplied  number  aud  increased  activity  and  aeiil  of  ob- 
■nreta,  mnst  be  considered,  to  say  the  least,  as  problems  tioal. 

Of  the  four  which  have  been  re^bserved,  the  second  and  fourth 
ure  by  far  the  most  oonspiouons,  and  their  distances  and  periods 
bare  been  ascertained  with  all  desirable  accuracy  and  certainty. 
The  first  was  re-obeerved  by  Mr.  Idssell  at  Liverpool,  ind  ^i^  '^. 


A8TRON0MT. 

ve  ftt  Dorpat,  in  1847.     The  fourtb  was  obseired  tAoal 

Lime  by  Mr.  LmmH. 

Anomahu,  inclination  0/  ihmr  orhili.  ~  C'^ninrf  ta  tlu 
prevsiis  without  any  other  escepttoa  in  the  mnlioiw  of 
of  the  solar  system,  the  orbite  of  the  satellites  of  VmH 

ed  to  the  plane  of  the  orbit  of  the  planet,  and  theraftn 
the  ecliptic,  at  an  angle  of  78"  58'.  being  little  less  ^ua 

,ngle,  and  their  motionB   in   these  orbits  arc    retroeradei 

Ibfi  enrth  has  such  a  position  that  the  visuil  direction  U  U 
pfl  to  the  line  of  nodes,  the  angle  under  the   plane  of  tha 
the  visual  line  will  be  78=  58';  and  in  certain  po^tioni     ' 
.net  they  will  be  seen,  as  it  were,  in  plan.     Being  ne»riy 
he  satellites  will  in  such  a  position  be  visible  revolting 

iffering  from  circles. 

Appnrfj\t  mntion  oni}  phases  an  srf:n  from  Cwmiu.— The 

)tation  and  the  direction  of  the  nsia  of  the  planet  b«Dg 
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IV.  NSPTUNS. 

2888.  Dixotfry  of  Neptune.  — The  disooyery  of  this  planet  con- 
•titutes  one  of  the  most  signal  triumphs  of  XDatheiDati(»l  science, 
and  marks  an  era  which  most  be  for  ever  memorable  in  the  history 
of  physical  investigation. 

If  the  planets  were  subjeet  only  to  the  attraction  of  the  san,  they 
would  reyolve  in  exact  ellipses,  of  which  the  son  wonld  be  the  oom- 
moo  foeos ;  but  being  also  subject  to  the  attraction  of  each  other, 
wbieh,  though  incomparably  more  feeble  than  that  of  the  presiding 
oentnl  mass,  produces  sensible  and  measurable  eftcts,  oonsequcnt 
deriationa  from  these  elliptic  paths,  called  perturbations,  take 
^aoBy  which  will  be  more  fully  explained  in  a  subsequent  chapter. 
The  masses  and  relative  motions  of  the  planets  being  known,  these 
dbtnrbances  can  be  ascertained  with  such  accuracy  that  the  position 
of  any  known  planet  at  any  epoch,  past  or  future,  can  be  determined 
with  the  most  surprising  degree  of  precision. 

If,  therefore,  it  should  be  found,  that  the  motion  which  a  planet 
is  observed  to  have  is  not  in  accordance  with  that  which  it  ought  to 
haTOy  subject  to  the  central  attraction  of  the  sun,  and  the  disturbing 
aotions  of  the  surrounding  planets,  it  must  be  inferred  that  some 
Other  disturbing  attraction  acts  upon  it,  proceeding  from  an  undis- 
MYored  cause ;  and,  in  this  case,  a  problem  novel  in  its  form  and 
data,  and  beset  with  difficulties  which  might  well  appear  insuperable, 
ii  presented  to  the  physical  astronomer.  If  the  solution  of  the  pro- 
Um,  to  determine  the  disturbances  produced  upon  the  orbit  of  a 
phnet  by  another  planet,  whose  mass  and  motions  are  known,  be 
Maided  as  a  stupendous  achievement  in  physical  and  mathematical 
menoe,  how  much  more  formidable  must  not  the  convcrw  question 
be  regarded,  in  which  the  disturbances  are  given  to  find  the  planet ! 

Bach  was,  nevertheless,  the  problem  of  which  the  discovery  of 
Neptune  has  been  the  astonishing  solution. 

Althooffh  no  exposition  of  the  actual  process  by  which  this  great 
intellectual  achievement  has  been  effected,  could  be  comprehended 
without  the  possession  of  an  amount  of  mathematical  knowledge  far 
exceeding  that  which  is  expected  from  the  readers  of  treatises  much 
lem  elementary  than  the  present  volume,  we  may  not  be  altogether 
misoooessful  in  attempting  to  illustrate  the  principle  on  which  an 
ioTestigation,  attended  with  so  surprising  a  result,  has  been  based, 
and  even  the  method  upon  which  it  has  been  conducted,  so  as  to 
■trip  the  proceeding  of  much  of  that  incomprehensible  character 
which,  in  the  view  of  the  great  mass  of  those  who  consider  it  without 
heioff  able  to  follow  the  steps  of  the  actual  investigation,  is  generally 
atlaohed  to  it,  and  to  show  at  least  the  spirit  of  the  reasoning  by 
whieh  the  solution  of  the  problem  has  been  accomplished. 

For  this  purpose,  it  will  be  necessary,  finty  to  explain  the  nature 
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lod  duiMtet  of  those  disturbsnoM  wbtoh  wer«  obeervied  mai  iUnt 
qodM  not  be  uaribed  to  the  ftttraotion  of  an;  of  the  knoira  plineb; 
■nd,  teeondljf,  to  show  in  what  manner  an  DodiseofBred  planet  i^ 
Totring  outude  the  known  limiU  of  the  solar  ajBtem  could  prodstt 
n^  Seats. 

SS84.  Unexplained  dittttrbaneet  ohtened  tn  the  notion  ^ 
{Swmm; — The  planet  Ursniu,  reviving  at  tbe  extreme  liotie  « 
A*  eobr  ayMm,  wag  the  object  in  whicb  were  obserred  th«e  S^ 
tubsDoea  whieb,  not  being  the  effects  of  the  action  of  an;  of  lit 
known  planete,  raised  the  question  of  the  possible  existence  of  aaoAa 
plaart  exterior  to  it,  which  might  produce  them. 

After  dw  diauovery  of  the  planet  by  Sir  W.  Herschci,  in  tTSL 
iti  motiona,  bung  regulnrl;  observed,  supplied  the  data  by  wIikIi  ib 
tlliptio  Orlnt  was  calculated,  and  the  diatarbauoes  prodacfd  nm  il 
hj  thenuMea  of  Jupiter  and  Sstani  ascertained  ;  the  otber  puocti 
a  the  ejal«iD,  by  reason  of  their  remotenesa,  and  the  comiianm 
mi  nut  nn  fan  of  their  masses,  not  producing  any  sensible  eSittt 
TablM  fonitdad  on  these  results  were  computed,  and  ephemoite 
otoatraoled,  in  which  the  places  at  which  the  planet  ongbl  K  i 
found  from  day  to  day  for  the  future  were  duly  registered.  ' 

The  same  kind  of  calculations  which  enabled  the  astrononuT fltt 
to  predict  the  future  places  of  the  planet,  would,  as  it  eiUe^ 
equally  enable  him  to  ascertain  the  places  which  had  been  miii|W  i 
by  the  planet  in  times  past.  By  thus  examining,  retrospecdR^ 
the  apparent  course  of  the  planet  over  the  firmament,  and  com[an( 
itt  oomputed  pWcs  at  particular  epochs  with  those  of  elan  vUa, 
had  been  obaerrcd,  and  which  had  subsequently  disappeared,  it  ■• 
aaeertained  that  several  of  these  stars  had  in  fact  been  Uranai  Ml 
whose  planetaij  character  liad  not  been  recognised  from  its  i]^ 
Booe,  owing  to  the  imperfection  of  the  telescopes  then  to  nWi 
from  its  apparent  motion,  owing  to  the  observations  not  hann;  bt* 
Bufficientlj  oontiuuous  and  multiplied. 

In  this  way  it  was  ascertained,  that  Uranus  had  bees  ohanH 
tod  its  position  recorded  as  a  fixed  star,  us  times  by  FUnsltk 
via.,  onoe  in  1G90,  once  in  1712,  and  four  times  in  1715i— M| 
by  Bradley  in  1753,  otico  by  Mayer  in  1756,  and  twel?a  ti 
Loraonnier  between  1750  and  1771. 

Now  althoagb  the  observed  positions  of  these  objects,  ediW 
with  Their  salueijucnt  disappearance,  left  no  doubt  whaievarfS* 
identity  with  the  planet,  tbeir  observed  places  deviated  Kiii»lf 
from  the  places  which  the  planet  ought  to  have  had  accotiJRf ' 
the  oomputatiooa  fouodcd  upau  its  motions  after  its  discomT^ 
1781.  If  these  deviations  could  have  been  shown  '  '  "^ 
and  governed  by  no  law,  they  would  be  ascribed  to  <._ 
TatioD.  If,  OD  ibc  other  baud,  they  were  found  to  folio* 
eoone  of  inoreaae  and  decrease  in  determinate  directions,  HaJ ' 


In.  ^HifM  4b  4w  iglBer  of  mm»  ■■dinomred  dutorUaf  nni, 
■kaa  addon  kl  tbo  epoolu  of  the  UMMst  obtemdoaa  waa  different 
faMlli-aotlaB  at  moN  raeont  perioda. 

^&»  aacunt  ohMmtiow  wen,  hcwover,  tea  linitMl  fa  nnnbea 
■ii|!'tM  diwntiiiiiotii  to  ^moDBb^  in  e  ntisfitctor;  naDDer  the 
nvgoUHi;  or  ilie  rtigolarit;  ot  tho  denatioiL  lf«iartM*a^  the 
annunaUncf:  nii>i"J  nnoh  dosht  and  Ih^tIu  ig  ifct  afnd  «( 
Baur»rd,  bj  vhiiia  the  tablea  of  Unirai^  nun  UM|  dif  «Mideni 
))werv»NoD3,  were  conatrnoted;  «ad  'bo  alatad  tkat  lif  «nM  leai* 
lo  futarit;  the  diclsm  of  tha  quatiM  rfillwr'  miim  ^niatioaa 
MR  due  hi  errors  of  obaamiwo,  Or  to  U  vadMafmM^MnrUiW 
kceut.  Vie  ghall  prtaead/  be  onaUed  to  ajgclnjrtt  4k  «f«^ 
H  this  TvscT\e. 

Xbe  looiioDf  of  ihe^anot  Mntianed  to  be  oisitluously  observed, 
u^  were  foiioi]  tn  be  u  aeooidaoao  with  tlie  tables  fot  about  taar- 
teeo  jvajB  from  the  d^to  of-tho  diaoonr;  of  the  pl&oet.  About  the 
jear  1795,  a  tligbt  diaaordaiieo  batfcan  the  tabular  nod  obaerved 
pUcea  began  to  be  lutliftoUd,  the  kttar  beiog  a  lilLle  in  advaooe 
af  the  former,  ao  tiial  the  (AaerTod  longitude  t  of  the  pUnct  was 
gRstPT  (ban  tbi-  tabulu  loogitade  l'.  After  this,  from  jenr  to  jear, 
the  advance  of  iho  i^aerrcd  npon  the  tabular  plaee  inoreaeed,  so 
that  the  excels  I. —  i.'  of  the  obeerred  abote  the  tabular  longiUida 
WasooniiDuallj'  uu^mtnted.  This  inereaae  of  l — l' eoBliDaad  nntil 
1822,  wbeu  it  becainu  stationary,  and  afterwards  bc^n  (o  decrease. 
Thie  decrease  cociinued  until  about  lS30r-81,  wbeo  the  deviatioa 
\ — I,'  di^ppeBriil,  Old  the  tabular  and  obeervad  loogitudea  again 
acreed.  Tbis  acooniaDM,  howeTor,  did  not  long  prerail.  The 
(Lnet  •oan  began  to  bll  bebiad  ita  tabular  place,  so  that  ita  ob- 
aarred  loogiiude  l,  which  before  1881  waa  greater  than  the  tabular 
ioagitode  l',  was  dow  lose;  and  the  distanoe  i>'  —  l  of  the  obeerred 
hehiud   tlw)   tabular   pbca  iDoreased  frain  jeer  to  year,  and  atUl 


It  apprar*,  therefore,  that  in  the  devia^ona  rf  the  planet  from  ita 
eompotcd  place,  tbtre  was  nothing  itreguUr  and  nothing  eompatibk 
with  the  Hupposiiiua  of  anj  cause  depending  on  the  aeoidental 
emn  of  obevrvution.  The  deviation,  on  the  contnry,  increaaed 
padnally  in  a  ccrUkin  direetion  to  a  certain  point;  ajid  haTing 
attained  a  maximuiii,  then  began  to  decrease,  which  decrease  atiU 


Tbo  phcDomcnn  muat,  therefore,  be  naoibcd  to  the  regnlar  agenej 
of  snnte  uudiieorcreJ  dwturbing  cause. 

28^85.  A  f/inrl  rjierior  to  Uranu*  %oovld  jproduce  a  Uke  effrct. 
—  U  ie  not  diffii^ult  to  domonstrate  that  deviations  from  ita  com- 
puted pinuc,  such  as  ibpae  described  above,  wonld  be  prodnoed  bj^.  a 
planet  rovQlvitig  in  tin  nbit  having'tha  aame  or  nearlj  the  same 
plane  as  that  of  L'runo^  which  woiud  be  in  heEoocDtrie  ooiyunotioa 
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miptiHj  niooe^dus  ■dttaee,  vnta  it  bring  Ud:  die  planet  to  tbe 
n00  il  would  have  oooapied  had  no  diatnmng  foroe  aetad ;  afUnr 
IMl*  ^  vataidation  being  atill  eonttnaed,  the  planet  will  Mi  be- 
JH^^Ahfi  fhoe  it  would  hafo  had  if  no  diatorbipg  foroe  had  aeted 


s? 


„  {ft  k  evident  that  iheae  are  predaely  the  hmd  ef  diatBrbing 
Kwkieh.aet  npon  Uramu;  and  it  maji  therefbie,  be.inftmd 
Aa.fdeviationa  of  that  planet  fion  its  eompnted  phee  an  the 
~  q^jadieaiaoMof  the  peeenoe  of  a  planet  exterior  to  itkAoring 
_MitKl  lAoae  plane  either  eoineidea  with  that  of  Hi  own  orbit 
fjfc  imlinid  to  it  at  a  mitj  email  angle,  and  wheae  -.wmm  and  die- 
§fm  iWi  ffinh  «i  to  gi^  to  ita  aitraetioD  die  degree  of  imaaiaitj  ne- 
-lo  prodnce  the  alttsmat^  areelfflration  and  TotaTdathiii  whinh 


hownfer,  the  intenaitj  of  4k«  diatnUng  tooe  dependa 
f  on  tiie  qnantitf  of  the  &tnrbing  maaa  «nd  iti;8ialaneey 
to  peraeive  that  the  aame  cBatnrbanoe  may  arfae  from  dif- 
uM^.poyided  that  their  diatanoee  are  ao  varied  aato  oom- 
ibr  their  diffwent  weighte  or  qnantitiea  of  matter.  A  double 
■p. Hi. a  Iboxibld  diatanee  will  exert  fffecisely  the  Bame  attraction. 
El  fqaation,  therefbroi  under  this  point  of  view,  belongs  to  the 
pSi  of  iDdeterminate  problems,  and  admits  of  an  infinite  number 
gf  iohitioiia  In  other  wordsi  an  unlimited  variety  of  ^fierent 
may  be  aasignfld  exterior  to  the  system  whieh  would  cause 
..^.jMaa  ebaerved  in  the  motion  of  Uranus,  so  nearly  similar  to 
jphasgvd  as  to  be  distinguishable  from  them  only  by  observa- 
extended  and  elaborate  than  any  to  whieh  that  planet 
~  have  been  submitted  since  its  discovery. 
.  Aanrcftei  of  Mutn,  Le  Verrier  and  ^<2am0.— The  idea 
thaae  denartnrea  of  tbe  observed  from  the  oomputed  place 
ae  .the  dUta  for  the  solution  of  the  problem  to  aeeertam 
Ml  and  motion  of  tbe  planet  which  oould  cauee  soeh  devi> 
,«Mpaind|  nearly  at  the  same  time,  to  two  aationonMs,  neither 
k.nt  that  time  had  attained  either  the  age  or  the  seientilo 
whieh  would  hive  raised  the  expectations  of  aohieving  the 
■isUng  disooveiy  of  modem  times. 
Tenieri  in  FMe,  and  Mr.  J.  C.  Adams,  Fellow  and  As- 
•*w  of  St  John's  College,  Cambridge,  engaged  in  the  in- 
»eaeh  without  the  knowledge  of  what  the  oUier  was  doing, 
Dg  that  he  stood  alone  in  his  adventurous  and,  as  would 
jj^ppaarsd,  hopeless  attempt  Nevertheless,  both  not  only 
_  \  pmUem,  but  did  so  with  a  oompleteness  that  filled  the 
iril^  aaloniahment  and  admiration,  in  whioh  none  more  ar- 
HMdthaa  those  who,  from  their  own  attainments,  were  best 
tto'^M^nrsoiafee  the  dUBoultiea  of  the  question. 
lAmtm,  as  hAe  been  (Aaerved,  belonged  to  the  class  of  in* 
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h>te  problenid.     An  infiiiil«  number  of  difiereiH 

BFi^igned  wLich  n-ould  be  equiillj'  capable  of  prodo 

di.'turbnncea.      Tbe  Bolutian,  therefore,  might  be 

ect,  but  pmdicallj  nnNucceesful.      To  Htrip  the  qn 

issiblo  of  this  churnoter,  certain  condilions  were  i 

ence  of  which  might  be  regnrded  as  in  the  higbet 

Thus,  it  was  assumed  that  the  diBturbing  pUnt 

r  nearly  in  (be  plane  of  ibat  of  Unnu?,  and  tbe 

Ithe  ecliptic;  that  its  motioD  in  this  orbit  was  in  I 

s  that  of  all  the  other  planets  of  the  Ejstem,  th 

I  to  the  order  of  the  signs;  that  the  orbit  was  an  ( 

lall  crcenlricii; ;  and,  in  fine,  that  ]te  mean  dirtti 

'a  accordance  trilh  the  general  progressioQ  of 

Iby  Bode,  nearly  double  the  mean  distance  of  Vrani 

lidition,  combined  with  the  harmonic  law,  gave  the 

vantage  of  tho  knowledge  of  the  period,  and  thcreft 

heliocentric  motion. 

ming  all  these   cocditionB  as  provisional   data,  thi 

'  m,  at  least  as  a  first  appnT 

f  the  planet  and  its  place  in  its  orbit  at  a  giTi 

'  e  observed  alien 
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2888.  ih  actual  diicovtry  by  Dr.  Gafle  of  Berlin.  —  On  the 
ttrd  of  September,  1846,  I^.  Galle,  one  of  the  istrononien  of  the 
Bojal  Ohaemtorj  et  Berlin,  receifed  a  letter  from  M.  Lo  Terrier, 
nBOODcing  to  him  the  princip&l  reeulta  of  hut  catcnlatioos,  iDform- 

ahin  that  the  longitude  of  the  sought  planet  must  then  be  326°, 
raqoM^ng  bim  to  look  for  it.  Dr.  Galle,  assisted  by  Professor 
BMk^  uwordiDgl;  did  "  look  for  itj"  and  found  it  that  very  night. 
It  ■iniHn  i1  u  ■  star  of  the  8th  magnitude,  having  the  longitude 
«(  8S6'  62',  and  oOQaeqoently  onlj  52'  from  the  place  assigned  bj 
H  I>*  Vanier.  The  calcolatious  of  Mr.  Adams,  redooed  to  the 
■■a  date,  gave  for  its  plaoe  il29°  19',  being  2°  27'  from  the  place 
rt«e  it  ma  actually  found. 
3889.  /ft  preditUd  and  obierved  plafts  in  near  proximit]/.  — 

I  To  otwcrTe  ths  relative  proximity  of  these  re- 
markable predictions  to  the  actual  ohserred  place, 
let  the  arc  of  the  ecliptic,  from  long.  323°  to 
long.  330°,  be  represented  lafg.  793.  The  placo 
assigned  by  M.  Le  Ycrrier  for  tho  sought  planet 
is  indicated  by  the  small  circle  at  l,  that  assigned 
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t  which  it  was  actually  found  by  the  dot 

The  distances  of  L  and  A  firom  n  may  be 

appreciated  by  the  circle  which  is  described  around 

the  dot  N,  and  which  represents  the  apparent  disk 

)1ace  of  the 
planet  from  the  place  predicted  by  f[.  Le  Venier 
was  less  than  two  diameters,  and  from  that  pre- 
dicted hy  Mr.  Adams  less  than  five  diameters,  of 
the  lunar  disk. 

2890.  Corrected  elemenlt  of  the  planefi  orhU. 
—  In  obtaining  the  elements  given  above,  Mr. 
Adams  based  his  cslcuUtions  on  the  observations 
of  Uratms  mode  up  lo  1840,  while  the  calculations 
of  M.  Le  Verrier  were  founded  on  observations 
continued  to  1845.  On  rnbeequcatly  taking  into 
oonpDtation  the  five  yean   eudiDg  1845,   Mr. 
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Deluded  that  the  mcnn  diBtanM  of  the  soaght  planet  wotild 
unctly  luken  at  3S-83. 

It  coiitiiiuunce  were  mnde  upon  it,  the  following  proved  tt 
B  eiftct  elenieuls  : — 

\ 
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—Now  it  will  not  fail  to  etrike  every  one  who  devoUa  the     | 

1st,  not  only  between  the  elements  prcgented  in  the  Inn 
loiutiona  of  this  problem,  but  botwecD  the  motual  elementj     | 
Lovered  planet  and  both  of  these  aolutione.     There  were 
ig  some  who,  viewing  these  discordances,  did  Dot  hesilaK 
that  the  discovery  of  the  plnnct  waa  the  result  of  chtnw, 

discovered  was  not  identical  with  either  of  ih«  two  planets 

!  Euch  B  conclusion  from  sncb  premises,  however,  betraya 

■ 
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problem.  Both,  bowerer,  differed  from  tlie  traa  planet  in  par- 
an  wbich  did  not  affect  the  conditjona  of  the  problem.  All 
B  were  circumscribed  vithia  those  limits,  aud  sabject  to  aoch 
litiant  ns  would  make  them  prodnoe  those  deviBliona  or  dislnrb- 
a  wbich  were  observed  in  the  motions  of  Uranna,  and  wbicb 
led  the  immediate  aobject  of  the  problem. 


t  maj  be  MtiBfactoiy  to  render  thia  still  more  efear,  hj  exBibiliBg 
DDcdiate  jnstapoaition  the  motiom  of  the  hypothetical  planets 
AM.  Le  Verrier  aod  Adams  and  the  planet  a^tuallj  djseovend, 
■  to  make  it  apparent  that  mj  ooe  of  the  tfarae,  under  the  np- 
ti  eonditioDa,  wouU  produce  the  observed  distaihuwes.  We 
I  Mooidiiigly  attempted  this  in  Jig.  794,  where  the  obiti  of 
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unu,  of  Neptune,  and  of  the  pLineta  asdgDed  by  MM.  Le  Terrier 
,  Ad«ms  are  laid  down,  with  the  positions  of  the  planeta  respco- 
ij  in  them  for  ever;  &hh  jenr,  from  1800  to  1845  incluiiielT. 
■  plan  is,  of  cooree,  ooly  rongbly  made ;  but  it  is  eufficientlj 
et  for  the  porposes  of  the  present  illustration.  The  places  of 
invs  an  marked  by  O,  those  of  Neptune  by  O,  those  <rf  M.  Le 
oWi  planet  by  O,  and  thoss  of  Mr.  Adama'i  pUnet  by  ®. 
84* 
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e  observed  thit  the  distances  of  the  two  planets  amgncd 
■  and  Adam^,  as  laid  dona  in  the  diagna, 
Ji^tanci?  of  the  plaaeC  Neptune  tbao  the  men 
■given  in  tlitiir  plemeatA  differ  from  the  mean  distance  o( 
""  ■  1  eipl.iiuod  by  the  eeccntricities  of  the  wisl, 
•nW  of  both  agtroDoniera,  are  considerable,  bnug 
I  eighth  in  one  and  a  ninth  in  the  other,  and  by  the  posi- 
Tie  Bapposed  planets  in  their  respective  orbits. 
miLSses  of  the  three  pinnels  were  er[03l,  it  is  cle&r  that  Uk 
vilh  which  Lc  Vcrricr's  planet  would  aet  upon  UnoB), 
s  than  that  of  the  true  planet,  and  that  of  AdiWi 
ore  so,  euch  being  lesH  in  the  same  ratio  aa  the  Kput 
c  from  UraQUS  ia  greater  than  that  of  Neptune.  Bol 
!  are  so  adjusted  lUat  what  is  lost  by  distance  is  gaaei 
er  masses,  this  will  bci  equalised,  and  the  Mppotei 
icrt  the  same  disturbing  farce  aa  the  aetoal  plaa^  m 
to  the  effects  of  variution  of  diatance.  It  is  Iroe  tbii, 
he  area  of  the  orbit.*  over  which  tbc  obserralioM ei' 
miecs  of  the  three  pbncta  in  Bimultaneooa  pwdoD) 
/  where  in  exactly  the  same  ratio,  while  thetrmiua 
psarily  be  so ;  and,  therefore,  the  relative  lomsse^  vbicb 
"  i;t  eompenaation  in  one  poailion,  would  aotiio 
cause  of  discrepancy  would  operate,  hmnver, 
1  conditions  of  the  problem,  in  a  degree  allogetfau 
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MlberwilUn  tlia  p&UiofN'eptaiie,  or  between  it  ud  tb^tof  Adims's 
pUnet,  or,  in  fine,  bejond  this  —  within  oertun  uaignable  limits. 

2893.  No  part  o/ the  merit  of  thitdiicooergaicribabU  to  chance. 
— That  ths  ptuigta  umned  by  HM.  Le  Verrier  and  Adams  are 
Mt  identioJ  with  the  [uaiiat  to  the  ^aeoverj  of  which  their  re- 
■■nhM  IwTo  condnoted  ptaotaoal  obeerrera  is,  therefore,  true  ;  bnt 
jft  it  also  tnia  that,  if  thej  or  either  of  them  had  been  identical 
with  it,  mich  ezceodve  amonnt  of  agreement  would  have  been  purely 
iMdental,  and  not  at  all  the  remit  of  the  ngaoi^  of  the  niathe- 
■atieiaD.  All  that  hnrosn  sagaraty  conld  do  wi^  the  data  pre- 
Wilml  t^  obnmlion  waa  done.*  Amons  an  indefinite  nnmbor  of 
famWe  planeli  capable  of  prodncing  the  diatnrbing  action,  two 
Mtm  aM^Dcd,  both  of  which  were,  for  all  the  parpoaea  of  the  in- 
qniiy,  n  nearly  coinddent  with  the  real  planet  as 

IiuBTitably  and  immediately  to  lead  to  ite  diaooTerj. 
2894.  Period.  —  After  a  oomplete  reToIotion  of 
tha  earth,  Neptnne  ie  fbaod  to  tdvance  in  its  course  no 


I  or,  more  exactly,  164*618  years. 

2895.  Ditianee. — Its  mean  dUtance  b,  therefore, 
may  be  determined  by  the  harmonio  law : 

r'  =  (164  6)'  =  27093  =  (30M/. 

2896.  Rdalice  orhiU  and  diitaneet  of  Neptttne  and 
Ae  earlh.  —  It  appears,  then,  in  fine,  that  the  system 
poflBesses  another  member  still  more  remote  from  the 
eommoo  centre  of  light,  heat,  and  attraction.  la  Jig. 
795,  the  earth's  orbit  is  represented  at  xz";  and  a 
part  of  that  of  Neptune,  on  the  same  scale,  is  repre- 
sented at  N.  The  actual  diatanoe  of  H  from  s  is  thirty 
dmes  that  of  B  from  s. 

The  mean  distance  of  Neptune  from  tbe  sun  is, 
therefore, 

2,850,000,000  miles. 

2897.  Apparent  and  real  diameter.  —  The  appa- 
rant  diameter  of  the  planet,  seen  when  in  opposition, 
is  about  2"'8.    Its  distance  from  the  earth  being  then, 

2850  —  95  =  2755  mill,  miles, 
and  the  linear  value  of  1"  at  this  distance  being 


_— —  2W5000000  ^  „. 
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B  actual  cli&m«ter  of  the  planet  will  be 

13313  X  2  8  =  37,276  milea.  . 

e  diameter  of  tbo  planet  is,  therefore,  a  little  greater  d 
I  Uranos,  aboat  half  that  of  Satnra,  and  about  four  and 
kes  that  of  the  earth. 

lAcoording  to  Mr.  Hind,  the  apparent  diameter  ia  onlj  ] 
a  real  diameter  31,000  miles;  numbera  whicb,  he  aa^ 
jced  from  careful  nieasuremcnts  with  aome  of  the  moat  | 
liropean  telefcopee. 

12898.   SatfUite  of  Neptune.  —  A  satellite  of  this  planet 

wercd  by  Mr.  Lassell  in  October,  1846,  and  was  afl«rwi 

fed  hy  other  astronomers  both  io  Europe  and  the  UnitM 

)  first  observations  then  maito  r^sed  some  suapiciooa  a 

mane  of  another  satellite  as  well  as  of  a  ring  analt^ou 

J  Saturn.     Notwilbatandiag  the  numerouB  obserrers,  and  I 

■ul  instramenta  whioh  have  been  directed  to  the  planet  a 

lie  of  tbcae  observations,  oothing  has  been  detected  vchidk' 

•ndeocj  to  confirm  these  suspiciouft. 

e  of  the  satellite  first  seen  hy  Mr.  Lassell  hi 
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»  of  the  planet  M.  Strnve,  calculatiog  by  the  prineiplei 
explainedy  has  found  that  the  mass  of  Neptune  is  the 
h.  jmii  of  the  mass  of  the  sun ;  and  since  its  diameter  is 
16  20thy  and  its  volume  the  8000th,  part  of  that  of  the  sun, 
ity  will  be  about  five>ninths  that  of  the  san^  and  about  the 
part  of  the  density  of  the  earth. 

r  estimates  make  the  mass  less.  According  to  Professor 
t  ia  the  19,400tby  and  according  to  Mr.  Hind  the  IT^OOOth, 
mass  of  the  sun. 

.  Apparent  magnitude  of  the  mn  at  Nepbme.  *—  The  appa- 
jDeter  of  the  sun,  as  seen  from  Neptune,  oeing  80  times  less 
Mn  the  earth,  is, 

nil,  tbeie&re,  appeus  of  the  same  magnitude  as  VeniiB  seen 

mmff  or  evening  star. 

niative  apparent  magnitudes  are  exhibited  in  fig*  796|  at  B 
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jold,  however,  be  a  great  mistake  to  infer  that  Uie  light  of 
\  at  Neptune  approaches  in  any  degree  to  the  faintness  of 
Venus  at  the  earth.  If  Venus,  when  that  planet  appears 
imiog  or  evening  star,  with  the  apparent  diameter  of  W\ 
oU  msk  (instead  of  one  halved  or  nearly  so,  like  the  moon 
ivarters),  and  if  the  actual  intensity  of  light  on  its  surface 
rnal  to  that  on  the  surface  of  the  sun,  the  light  of  the  planet 
be  flsactly  that  of  the  sun  at  Neptune.  Sut  the  intensity 
lighl  which  falls  on  Venus  is  less  than  the  intensity  of  the 
I  the  sun's  sur&oe  in  the  ratio  of  the  square  of  Venus'  die- 
I  liMt  of  the  son's  semidiameter,  upon  the  supposition  that 
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a  propagntcd  nccording  lo  tbe  ume  law  u  if  it  inucd  bm 
centre- ;   that  is,  ns  the  euuare  of  37  inillioDB  to  the  mjiuk 
million  neiirly,  or  bb  3?' :  J  [  thit  ia,  as  5176  to  L    If, 
tbc  Furfucii  of  Venus  reflculpd  (vLich  it  does  doi)  *I1  Um 
deal  upon  it,  ils  apparent  !igbt  at  tbe  earth  (oansideiing 
more  than  balf  its  illuminated  eurfaco  is  seen)  ii  aboat 
aicB  less  than  the  light  of  the  sun  at  Neptune. 

iuteDijilj  of  its  lin^-light  is  probabljr   not  less  tbao  tbil 
iild  be  produced  b;  about  20,000  stats  Bhinitig  at  one*  to 
DCQt,  each  bciog  ci]ud1  in  splendou  to  Venus  vhxa  tfari 
arigbteat. 
liou  to  these  considerations,  it  must  not  be  forgotten  tbl 

ig  power  of  tbe  sun  is  based  upoD  tbe  supposiiaon  that  bit 

nodilieatioDs  io  the  pbysicnl  slate  of  the  body  or  medim 
which  tbe  light  falls,  and  in  the  atructure  of  the  Tisal 
ich  it  affects,  may  render  light  of  an  extremely  feeble  in- 
efficient aa  muub  stronger  light  is  found  to  be  under  otbet 
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id^  to  the  tulgir  tdmsBj  nnezpeoted  aiypeannoe,  and  the  nngolar 
heooineiia  which  often  attend  them,  strike  the  pojmlar  mind  with 
re  and  terror.  To  the  astronomer,  geographer,  and  navigator,  they 
ibaerve  important  uses,  among  which  the  determination  of  terres- 
iil  kNigitwles,  the  more  exact  estimation  of  the  sun's  distance 
OM  the  earth  (which  is  the  standard  and  modulus  of  all  distances 
I  the  oeleetial  spaoes),  and,  in  fine,  the  discovery  of  the  mobility 
f  fight,  and  the  measure  of  its  velocity,  hold  foremost  places. 
when  one  of  the  extremes  of  the  series  of  the  three  bodies 
hteh  thus  assume  a  common  direction  is  the  sun,  the  intermediate 
sly  deprives  the  other  extreme  body,  either  wholly  or  partially,  of 
le  iUvmination  which  it  habitually  receives.  When  one  of  the 
itienes  is  the  earth,  the  intermediate  body  intercepts,  wholly  or 
irtiallj,  the  other  extreme  body  from  the  view  of  observers  situate 
^  pbeea  on  the  earth  which  are  in  the  common  line  of  direction, 
M  the  inlennediate  body  is  seen  to  pass  across  the  other  extreme 
sdy  M  it  enters  upon  and  leaves  the  common  line  of  direction, 
he  phenomena  resulting  from  such  contingencies  of  position  and 
iieetion  are  variously  denominated  eclipses,  transits,  and  oo 
DICTATIONS,  according  to  the  relative  apparent  magnitudes  of  the 
iterpoeing  and  obscured  bodies,  and  according  to  the  circumstances 
Ueh  attend  them. 

2908.   GenercU  conditions  which  determine  (he  phenomena  of  in- 
WfOtUium  loAefi  one  of  the  extreme  objects  is  the  earth,  *—  If  the 

interposing  and  intercepted  objects  have  disks  of 

^^_/\Aj^    sensible  magnitude,  the  effects  attendiog  their  in- 

^      \^       terposition  will  depend  on  the  magnitude  of  the 

^..^         diameters  of  their  disks  and  the  apparent  distance 

^^f  •]  B    between  their  centres. 

^^^s^^^  Let  D  express  the  apparent  distance  between 

^....^        the  centres  of  the  two  disks.     Let  r  be  the  semi- 

^BT,   ]o     diameter  of  the  nearer,  and  r^  that  of  the  more 
^R^^^       distant  disk. 

2904.  Condition  of  no  interposition.  —  If  D 
be  greater  than  r  +  /,  as  represented  at  A,  fig, 
797,  the  disks  must  be  entirely  outside  each  other, 
and  consequently  no  interposition  can  take  place. 
The  nearest  points  of  the  edges  of  the  disks  are, 
in  this  case,  at  a  distance  equal  to  the  difference 
between  d  and  r  +  /,  that  is,  d  —  ^r  -f  /). 

External  contact, — If  D  =  r  -f  r ,  as  at  B,  the 
disks  will  touch  without  interposition.  This  is 
called  the  position  of  external  contact. 

2905.  Partial  interposition, — If  D  be  less  than 
r+9^,  the  nearer  disk  will  be  partially  interposed, 

flg.T9t.         u  at  c.     In  this  case,  the  greatest  breadth  of 
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red  part  of  the  more  remote  diflk  is  (r  +  /)— »■    B  ^ 

hat  the  lesB  the  dialaocc  d  is,  the  greater  will  b«  tta 
Rod  the  greater  the  part  obscured. 

Internal  eotitiicl  of  inlerjiofini/  diik.  —  If  the  interpoiiiij 
ess  than  the  more  difllant,  it  will  reduce   the  latter  to  i 

the  pointa  of  the  borns  of  which  meet,  as  represental  »l 
D  =  r*  —  r,  that  ie,  when  the  dtstaoce  between  the  ceotm 

Cfnlriral   inti-.rposUian  of  loser  disk.  —  if   in  the  nw 
cectreB  coincide,  as  at  E,  the  nearer  disk,  oofering  all  tin 
rtion  of  the  more  distant,  will  leave  uncovered  BNond  il  t 
ng  or  annolus  of  visible  surface,  the  breadth  of  whiob  »ili 
ffercnce  r  —  r*  of  the  semi-diameters. 
(y,v)p}eU  iHtfTpot;iion.—lt  the  nearef  disk  be  greater  thu 
remote,  aud  the  distance  D  between  the  centres  be  not 
lan  T  —  r',  the  difference  of  (he  semi-dismeters,  the  own 
sk  will  be  completely  covered,  and  will  continue  m  nnlil 
s  Beparate  to  a  greater  distance  than  r  —  /,  as  repretenttd 

1.    SOLAB  ECLIPHES. 
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pontion  will  take  place  (2905).  The  greatest  breadth  of  the  ob- 
acured  parts  of  the  solar  disk  will  in  this  case  be  equal  to  the  dif- 
ference between  the  sum  of  the  apparent  semi-diameters  and  the 
distauce  between  the  centres  of  the  two  disks,  that  is,  (r  +  /)  —  d. 

2911.  Mwjnitude  of  eclipses  expressed  by  digits,  —  If  the  ap- 
parent diameter  of  the  obscured  object  be  supposed  to  be  divided  into 
twelve  equal  parts,  each  of  these  parts  in  reference  to  eclipses  is 
called  a  digit,  and  the  magnitude  of  an  eclipse  is  expressed  by  the 
iramber  of  digits  contained  in  the  greatest  breadth  of  the  obscured 
put  of  the  disk.   Thus  the  magnitude  of  the  eclipse  will  be  found  by 

2r  r 

dinding  r  +  »^  — d  by  j^  or  by  -^. 

2912.  Total  solar  eclipse, —  To  produce  a  total  solar  eclipse,  it  is 
neeeasaryy  Ist,  that  the  apparent  diameter  of  the  moon  should  be 
equal  to  or  greater  than  that  of  the  sun,  and  2dly,  that  the  apparent 
placet  of  their  centres  should  approach  each  other  within  a  distance 
not  greater  than  /  —  r,  the  difference  of.  their  apparent  scmi- 
diaueters.  When  these  conditions  are  fulfilled,  and  so  long  as 
they  continue  ta  be  fulfilled,  the  eclipse  will  be  total  (2908). 

The  greatest  value  of  the  apparent  semi-diameter  of  the  moon 
being  1006"^  and  the  least  value  of  that  of  the  sun  being  945",  we 
diall  have 

»^  —  r  =  61". 

The  greatest  possible  duration,  therefore,  of  a  total  solar  eclipse  will 
be  the  time  necessary  for  the  centre  of  the  moon  to  gain  upon  that 
of  the  sun  Gl"  X  2  =  122".  But  since  the  mean  synodic  motion 
of  the  moon  is  at  the  rate  of  30"  per  minute,  it  follows  that  tho 
duration  of  a  total  solar  eclipse  can  never  exceed  four  minutes. 

2913.  Annvlar  eclipses,  —  When  the  apparent  diameter  of  the 
moon  18  less  than  that  of  the  Run,  its  disk  will  not  cover  that  of  the 
ran,  even  when  concentrical  with  it.  In  this  case,  a  ring  of  light  would 
be  apparent  round  the  dark  disk  of  the  moon,  the  breadth  of  which 
would  bo  equal  to  the  difference  of  the  apparent  semi-diameters,  as 
represented  at  E,/y.  792.  When  the  disks  are  not  absolutely  con- 
centrical,  the  distance  between  their  centres  being,  however,  less 
than  the  difference  of  their  apparent  semi-diameters,  the  dark  disk 
gf  the  moon  will  still  be  within  that  of  the  sun,  and  will  appear  sur- 
xoanded  by  a  luminous  annulus,  but  in  this  case  the  ring  will  vary 
in  breadth,  the  thinnest  part  being  at  tho  point  nearest  to  the  moon's 
centre ;  and  when  the  distance  between  the  centres  is  reduced  to 
exact  equality  with  the  difference  of  the  apparent  semi-diameters, 
the  ring  becomes  a  very  thin  crescent,  tho  points  of  tho  horns  of 
which  unite,  as  represented  at  D,/y.  792. 

lu.  35 
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i,  X,  aed  M,  fig.  798,  represent  sections  of  the  sun,  earth, 
and  moon,  made  by  the  plane  which  passes 
through  their  centres.  Let  a  Hdc  p  m  s  be 
drawn,  touching  the  sun  aud  moon,  but  so  that 
they  shall  lie  on  opposite  sides  of  it.  It  is  evi- 
dent that  to  an  observer  at  p,  the  dark  disk  of 
the  moon  would  touch  that  of  the  sun  exter- 
nally; for  the  apparent  distance  between  the 
centres  would  be  measured  by  the  angle  8  P  M, 
which  is  equal  to  the  sum  8  p  <,  the  apparent 
semi-diameter  of  the  soil,  and  M  p  m  that  of  the 
moon.  t 

From  the  point  z  let  lines  be  supposed  to  be 
drawn,  touching  the  earth  at  p  and  |/.  It  is 
evident  that,  to  an  observer  situate  between  P 
and  p',  the  apparent  distance  of  the  centres  of 
the  moon  and  sun  would  be  greater  than  the  sum 
of  their  apparent  semi-diameters,  and  they  would 
therefore  be  separated  at  the  nearest  points  of 
their  disks  by  a  space  equal  to  the  excess  of  this 
distance  above  the  sum  of  the  apparent  semi- 
I  diameters. 

\  Adopting  the  signs  already  used,  let  r  express 

«  the  apparent  semi-diameter  of  the  sun,  /  that 

\  of  the  m'^on,  and  D  the  apparent  distance  be- 

\  tween   their  centres,  we   shall  have  D  greater 

\  than  r  -f  /  for  every  point  from  p  to  j?,  and 

[--v.!  the    excess  will    increase    continually   from  P 

\^r    to/- 

■      ]  On  the  other  baud,  for  every  point  between 

p  and  j9,  .D  will  be  less  than  r  -f-  /,  and  the  sun 

"^^g  will  be  eclipsed,  the  magnitude  of  the  eclipse 

augmenting  gradually  from  p  to  p. 

phenomena  varying  therefore  indefinitely  with  the  position 
ibserver  upon  the  earth,  it  is  necessary,  in  order  to  render 
ediction  practicable,  to  select  a  fixed  position  for  which  they 
calculated,  formulae  being  established,  and  tables  prepared, 
;h  the  difference  between  the  appearances  there  and  tft  any 
d  place  may  be  computed.  The  fixed  point  selected  for  this 
!  is  the  centre  E  of  the  earth. 

KOgolar  distance  between  the  centres  of  the  disks  of  the  sun 
on,  as  seen  from  any  place,  such  as  P  for  example,  is  called 
tpartnt  distance  at  that  place,  and  their  angular  distance,  as 
HD  the  centre  £  of  the  earth,  is  called  their  true  distance. 
.PM  is  the  apparent  distance  between  the  centres  at  P,  and 
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lir  tnio  distance.     It  will  bo  easy  to  show  the  n 
£  between  these  two  diBtaiioes. 
incTpIes  of  elementary  geometry  we  have 
s.jM  —  PSE,  SOM  =  l'0E  =  MrS  +  PMI, 

M  K  SI  =  M  r  s  +  r  M  E  ^  p  s  E. 
jle  P  M  K  is  tlie  diurnal  parallai  of  the  moon,  and  ?be 
sun,  estimated  in   the  plane  of  the  figure.      If  tbeie  l« 
I  u  and  «  respeotivolj,  aud  the  apparent  and  true  di». 
^en  the  eeutlea  by  D  aud  l/  respccuvely,  the  above  relt- 


:;D  +*- 


e  exceeds  (he  apparent  by  as  much  ta 


My,  the  tr 
s  of  the  moon  escpeds  that  of  the  sun. 

c  P,  from  whieb  the  disks  appear  in  cilerDal  contact, 
D=r  +  ^, 

tf-(r +  /)  =  -■-.; 
Btly,  when  estemal  contact  lakes  plaro,  wc  bare 
D'  =  r  + /  +  "'—«; 
distance  between  the  ce 
■9  added  to  the  diflf 
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ndj  will  depend  pirtly  on  the  abape  and  magnilade  of  the  opaque 
odj  itself,  and  [MTtl;  on  that  of  the  bod;  from  which  the  light 

2917.  Mtlhod  of  Hetermining  the  forvx  and  dimemtont  of  the 
\adoK.  —  Id  the  caaes  ifhich  are  actvallj  presented  ia  astrooomj, 
It  luroinoiis  bod;  being  the  aun,  and  the  opaque  body  a  plaoet  or 
itellile,  both  are  globes,  and  the  former  of  tuach  greater  dimcD- 
OM  than  the  latter.  It  is  esBj  to  show  that  in  eucb  case  the 
kadow  will  be  a  oone,  projected  to  a  certain  distance  behind  the 
^oe  body.  The  length  of  this  cone,  and  the  angle  formed  at  its 
Bitex,  may  be  computed,  when  the  real  diameters  of  the  son  and 
M  body  which  fonns  the  shadow,  and  the  distance  of  the  one  from 
le  other,  are  known. 

hetbi/  and  a  a',  fg.  799,  represent  a  section  of  the  son  and  the 
^ — s.  opaqno  body.  Suppose  the  lines  b  a  and  1/  a'  drawn 
/  \  fooching  these.  Let  them  be  continued  until  they 
\  'l  P  meet  At/.  If  aimilaF  lines  he  supposed  to  be  drawn 
iS^^^^'  through  all  poiata  surrounding  both  globes,  they  will 
Jlj  ';  inclnde  a  cone  the  diameter  of  whose 'base  ia  6  i', 
j||  }'•  whose  sides  ore  &/and  b' /,  and  whose  vertex  is  /. 
rj|  1 1  It  will  be  evident  that  the  sun's  rays  will  be  excluded 
jlj  /  J  from  all  that  part  of  tbe  cone  which  is  between  a  a' 
'j  \;j  I  and  'the  vertex  /  Thia  part  of  the  cone,  therefore, 
)  M  I  having  the  section  of  the  opaque  body  at  a  a'  for  itfi 
i\-'i\  I       base,  and  the  pnint/for  its  vertex,  is  the  shadow. 

To  ascertain  the  length  I  of  the  shadow,  let  r  and 
r*  express  the  semi-diameters  of  the  sun,  and  the  body 
a  a'  respectively,  and  let  d  express  the  distance  b  a 
between  them.  We  shall  then  have,  by  the  prin- 
nplea  of  elementary  geometry, 


tr'r.l  +  d-.l, 


uid  consequently, 


3  therefore, 

IX  (r  —  }^  =  r'  xd,       1  = 


-r" 


tliat  is,  the  length  of  the  shadow  is  found  by  multi- 
plying the  distance  from  the  sun  by  the  h mi-diameter 
of  the  body  which  forms  the  shadow,  and  dividing  the 
product  by  the  difference  between  the  semi-diameters. 
To  determine  the  Ecmi-angle  a/e  of  the  cone,  we 
haTS 


a/e 


:  206265"  X 


AOTftOHOirfT  1 

WflRnd  0/  delrrmining  the  limilt  of  the  pfflirtwiro.— H 

1  tr«nsverfioIy,  sufh  as  t  a'  and  //  a,  nod  be  coa- 

FoDd  the  points  a  and  o',  the  sun's  rays  irili  be  pirtiillj 

n  the  epace  included  between  p  a  aaif  a.     Any  pranl 

\  p  will   reteirc  light  frnn  all  poiota  of  the  Bno'silbi 

(bus  illuminnted  be  moved  ^dually  from  p  Inmrdi 

iru  less  and  less  of  tbc  bud's  ligbt,  t^ince  ihe  glijheay 

aud  more  interpoEcd  bel.weeD  it  and  the  sun.     Tbat,i 

tLt  '/  rccciTca  light  only  from  those  pniota  of  thesim 

I  between  c  knd  h,  Ihe  rays  proceeding  from  all  painU  b»- 

c  being  intercepted  by  a  a'.     Ab  the  point  o'  a  moreJ 

c  coiTcspDnding  point  c  moves  tAwarda  b,  so  ibat  ibi     ' 

c  Bun  frum  nhich  it  rcrejves  light  constantly  decnwes 

rrives  at  the  boundary  a/o!  the  shadow,  where  all  tix 

lilerecptcd. 

|ht  being  ibu.i  pnHiulIy  inlererptcil  from  (he  Fpan'bouDdcd 
^1  iind  'if.  this  s'piire  is  called  ihe  pknuubra. 
II /,  mh'u.h   meii^un's  the  pi^nunibni,  is  rtjoal  Wile 
e  b  a  b,  subtended   by  the  suu  kt  the  object  wbiih  fonni 

'.  and  parlinl  suliir  ev/i'piet  r.rpIaine<J  hg  tie  ftiwr 

<    moon    prnjc(its    behind    in    a   eonieal   shadow,  llo 

which  can  be  aBCcrtniocd  by  the  metbiids  eipIuBei 

If    the   moon   comes    between    the   sun    and   the  eitib, 

^uot  do  near  conjiinetioo,  if  it  be  not  far  renKJved  from 

rbit,  tbis  shndnw  will   be  jirnjoelcd  on  a  pirt  of  tbe 

be  earth  which   is  turned   (0  the  aim,  provided  iu 
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which  the  axis  of  the  shadow  is  directed.     This  ca^  is  represented 
mjiff.  801,  where /represents  the  vertex  of  the  moon's  shadow. 


a 


Fig.  800. 


Fig.  801. 


At  all  places  within  the  circle  upon  the  earth,  of  which  a  a'  is  the 
diameter,  there  will  be  a  annular  eclipse,  and  at  the  centre  of  the 
drcle  the  eclipse  will  be  centrical,  the  annulos  being  of  uniform 
bfeadtb.  Outside  this  circle,  so  far  as  the  penumbra  extends,  the 
edipee  will  be  partial,  its  magnitude  decreasing  as  the  distance  of 
the  place  from  the  centre  of  the  circle  increases,  unUl  at  the  limit 
of  Uie  penumbra  the  phenomena  ceases  to  be  exhibited.  ^ 

2921.  Posiihility  of  annular  eclipses  proved.  —  To  establish  the 
poflubility  of  an  annular  eclipse,  and  to  show  the  relative  positions 
of  the  earth  and  moon,  in  their  respective  orbits,  when  such  a  phe- 
nomenon takes  place,  it  must  be  considered  that  it  is  necessary  that 
ihe  length  of  the  moon's  shadow  be  less  than  the  moon's  distance 
from  the  earth.  By  substituting  for  r  and  /,  in  the  general  for- 
maU  for  the  value  of  I  (2917),  the  actual  values  of  the  semi-diame- 
of  the  sun  and  moon,  we  find 

/     _   1076 1_ 

r— X  ■"  441000 "~  440' 
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length  of  the  shadow,  the  diameter  of  the  circnlar  shadow  pro- 
ed  apoQ  the  earth,  which  is  the  section  of  the  conical  shadow, 
boat  the  100th  part  of  the  moon's  diameter,  or  ahout  20  miles, 
cb,  howeyer,  is  increased  hy  the  effect  of  the  curvature  of  the 
h,  and  considerahly  so  hy  the  obliquity  of  its  surface  to  the  axis 
he  shadow. 

Q  the  same  manner  it  may  be  shown,  that  the  diameter  of  the 
ie  OTer  which  the  eclipse  may  be  annular,  measured  at  right 
lea  to  the  axis  of  the  shadow,  is  about  the  sixth  part  of  the  diam- 
of  the  moon,  which  in  like  manner  is  augmented  by  curvature 
obliquity. 

922.  S(^r  ecliptic  limits.  —  The  moon's  orbit  being  inclined  to 
edipdc,  at  an  angle  of  5°,  and,  consequently,  the  distance  of  the 
n't  centre  from  the  ecliptic  varying  in  each  month  from  0^  to 
while  the  interposition  of  the  moon  between  any  place  on  the 
h  and  the  sun  requires  that  the  apparent  distance  of  their  centres 
i2d  not  exceed  the  sum  of  their  apparent  semi-diameters,  which 
fr  much  exceed  half  a  degree,  it  is  clear  that  an  eclipse  can 
IT  happen  except  when,  at  the  time  of  conjunction,  the  apparent 
mce  of  the  moon's  centre  from  the  ecliptic  is  within  that  limit;  a 
Ution  which  can  only  be  fufilled  within  certain  small  distances 
le  moon's  nodes. 

here  is  a  certain  distance  from  the  moon's  node,  beyond  which 
*lmr  eclipse  is  impossible,  and  a  certain  lesser  distance,  within 
)h  that  phenomena  is  inevitable.     These  distances  are  called  the 

r  KCLIFTIO  LIMITS. 

be  mere  inspection  of  Ji^.  799,  will  show  that  no  solar  eclipse 
take  place  unless  some  part  of  the  globe  of  the  moon  pass  within 
lines  ba  and  1/  a',  which  touch  externally  the  globes  of  the  sun 
earth.  It  follows,  therefore,  that  the  major  limit  of  the  distance 
he  moon's  centre  from  the  ecliptic,  or  its  latitude  at  the  time  of 
onotion,  which  b  compatible  with  the  occurrence  of  an  eclipse, 
ff  c/,  or  what  is  the  same,  the  angle  m'  a'  o^.  Let  this  angle  be 
:e«ed  by  l,  and  we  have 

L  =  m'  a'  n'  +  n'  a' «  -f  «  a'  (/ 

by\lie  principle  of  geometry, 

sa'  (/  •=.  d  d  e  —  a' «  c, 
therefore, 

.L  =  w'a'n' +  n'a's  +  a'(/«  —  o!  se, 

m'  o!  n'  and  n'  a' s  are  the  apparent  semi-diameters  of  the  sun 
moon,  and  a'o'  e  and  a*  se  are  their  horizontal  parallaxes,  respec- 
It.  If  the  former  be  expressed  by  s  and  /,  and  the  latter  by  h 
Jlf  we  shall  have 


* 
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B,  therefore,  that  a  solar  eclipse  cannot  take  plac«,  oiles 
de  of  the  moon  at  conjunction  be  less  than  the  sum  of  the 
semi-Jiumetera  of  iho  euu  and  moon,  added  to  the  differcM 
oriiontal  parallaxes. 

nee  all  theae  quantities  vary  between  a  certain  tnrjw  udt 
inor  limit,  an  eclipse  wi!l   be  possible  or  certain,  aecordiuj 
on'g  latitude  at  conjuuction  is  within   the  one  limit  or  llu 
the  latitude  be  within  the  major  limit,  a  solar  eclipw  maj 
e;  and  if  the  severs!  quantities  have  such  values  as  falSI 
e  condition,  it  will  take  place.     If  the  latitude  be  wilUs 
r  limit,  an  eclipse  tnu4l  take  place;  because,  whateverla 
ies,  they  must  fulfil  the  condiiioo. 

£i:lreme  and  mean  values  of  temi-diameterg  and  hariaf 
Uiu:tit  nf  mill  and  moon.  —  The  extreiuo  and  mean  TilnM 
((uantiuea,  whiuh  are   very  important    in    the    theerj  rf 
and  other  parts  of  practical  astronomy,  are  given  in  til*  fiJ- 

ble:— 

*—.          1             L-^             1             ^         1 

■ 
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JIM8  =  6°8'48"    MS=P34'U"    n' s' =  P 24' 19", 
N  8  =  1*^  34'  14"  X  ^^^  =  17**  27'  48", 

N  8'  =  1°  24'  19"  X  Vtt^  =  15^  37'  36". 

118  it  appetra,  tbat  when  the  distance  from  the  node  at  opposition 
greater  than  17^  27'  48",  an  eclipse  cannot,  and  when  less  than 
^  &  IG",  mu$t  take  place.  Between  these  limits  it  may  or  may 
I  oociur,  according  to  the  magnitude  of  the  parallaxes  and  apparent 
meters. 

Since  the  sun  takes  more  than  a  mc^lb  to  move  through  32°  of 
I  ecliptic,  it  follows  that  at  least  one  m^nj auction  must  take  place 
iiin  16°  of  each  node,  and  that  one  solar  eclipse,  at  least,  must 
tor  near  each  node,  and  therefore  two,  at  least,  annually.  But  it 
ry  happen  that  two  solar  eclipses  shall  occur  at  the  same  node, 
i  thia  wtU  take  place  if  the  moon  be  in  conjunction  at  more  than 
1^,  and  less  than  15°  37' 36",  from  the  node;  for  in  that  case,  it 
i  be  again  in  conjunction  in  29}  days,  in  which  time  the  sun  will 
tve  through  29°,  and  will  therefore  be  at  14 1°  on  the  other  side 
the  node,  and  therefore  within  the  ecliptic  limit. 
rhii8,  it  is  possible  that  two  solar  eclipses  may  take  place  at  each 
le,  and,  therefore,  four  within  the  year.  But  even  more  is  pes- 
le ;  for,  as  will  hereafter  appear,  the  nodes  of  the  moon's  orbit 
re  a  retrograde  motion  on  the  ecliptic,  the  consequence  of  which 
that  the  sun  arrives  at  each  node  in  less  than  a  year  after  it  has 
t  passed  through  it,  and  consequently  another  solar  eclipse  mai/ 
>pen,  before  the  lapse  of  a  solar  year,  at  the  same  node  at  which 
i  first  occurred. 

2924.  Jjimits/or  toted  and  annular  eclipses.  —  It  is  evident  that 
lotel  or  annular  eclipse  can  be  witnessed,  unless  the  globe  of  the 
an,  be  fully  within  the  tangents  b  a  and  b*  a',  Ji</.  799.  That 
■  nay  take  place,  the  apparent  distance  of  the  moon's  centre  m' 
m  </  mnst  be  less  than  7/  o'  by  the  moon's  semi-diameter  m'  n\ 
thai  we  shall  have 

L  =  n' a* </  —  n' a' m!  =  sa'U  -f  sa^ o'  —  W a' m' ) 

ly  firom  what  has  been  explained  above,  this  becomes 

L  =  < — if^h'  —  h, 

Bj  usigning  to  these  quantities  the  values  which  render  L 
safest  and  least,  we  shall  find  that  when  greatest, 

L  =  62'44"?=l°2'44", 

I  when  least, 

L  =  52'49"; 
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and  according  to  ibe  metLod  previously  ■[iplied,  we  iaAi 
Bpoading  distaoce  fcom  tbc  oodcs 

NB  =  11''37'36" 

n' 8'=  9°  ■17' 10". 

A  toliil  or  annular  eclipse  h  tterefore  possitle,  if  CO 

takes  place  wifhin  WSTUG",  and  certain,  if  it  takes  ph 

i)°47'19"  of  the  node.     It  will  be  total  or  annular,  um 

tlx'  apparent  diameter  of  tbc  moon  is  greater  or  less  dii 

the    BUD.     ■ 

292.T.  Ajtpfaranceii  attcjidi'nff  lota!  solar  felipsa.—^ 
consequence  of  the  difliision  of  knowledge  is,  that  nhih  ; 
the  vague  sense  of  wonder,  with  which  BJngular  phoDoM 
ture  are  beheld,  it  incrensea  the  feeling  of  adninttoo  at  9 
nioua  laws,  the  dcvclopmeDt  of  which  rcndera  easily  | 
cfTecta  apparently  strange  and  unaccountnble.  It  may  b^ 
whut  a  eensc  of  aGloDishment,  and  even  terror,  the  tcmpoq 
pearaoce  of  an  object  tike  the  sun  or  moon  must  have  p| 
an  age  when  the  cauaes  of  eelipsea  were  known  only  to  ih 
Such  phenomena  were  regarded  oa  precursors  of  divine  v 
History  informs  ub  that  in  ancient  times  armies  have  been 


«hwW  W  Mr.  Aaneii  Bulj,  Ihit  inroediktelr  befetv  th» 
■ing,  or  after  tlie  end  al  eomplete  obeonrstion,  the  oraMent 
•led  H  ■  bend  of  biilliuit  pouti  npented  fa;  dark  speoea,  m 


d 
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Mind.     The  white  parts  hetweco  the  teeth  will  appear  like  a  neck- 

e  of  white  pearls. 

The  fact,  that  in  some  cases  the  heads  have  not  heen  seen,  or  if 

Ay  appeared  in  a  less  conspicuous  manner,  may  be  explained  by 

i  ffreater  or  less  prevalence  of  mountainous  masses,  on  that  part 

ue  moon's  surface  which  forms  the  edge  of  its  disk  at  different 

les. 

The  beads,  in  general,  disappear  suddenly,  at  the  moment  of  the 

nmencement  of  total  obscuration,  and  reappear  on  the  other  side 

the  lunar  disk,  with  a  somewhat  startling^  instantaneous  effect,  at 

)  moment  the  total  obscuration  ceases. 

2928.  ^ame4ike  protuberances,  —  Immediately  after  the  com- 
Boe— at  of  tlie  total  obscuration,  red  protuberances,  resembling 

a^aor  to  issue  from  the  edge  of  the  moon's  disk.  These 
which  were  first  noticed  by  Yastsenius,  on  the  occasion 
the  lotel  Bolar  eclipse  which  was  visible  at  Gottenberg  on  3rd 
ijy  1788|  have  been  re-observed  on  the  occurrence  of  every  total 
ar  eeBpn  which  haa  taken  place  since  that  time,  and  constitute 
B  of  the  most  curious  and  interesting  effects  attending  this  class 
phenomena. 

2929.  Sofar  eclipse  of  1851.  —  A  total  eclipse  of  the  sun  took 
loe  on  the  28th  July,  1851,  which  became  a  subject  of  systematic 
servation  by  the  most  eminent  astronomers  of  the  present  day. 

considerable  number  of  English  observers,  aided  by  several 
agonUf  dutribnted  themselves  in  parties  at  different  points  along 
)  path  of  the  shadow,  so  that  the  chances  of  the  impediments 
\i  iB%ht  arise  from  unfavourable  conditions  of  the  atmosphere 
ghft  be  diminished.  The  reports  and  drawings  of  these  various 
wrven  hsve  been  collected  by  the  Royal  Astronomical  Society, 
limblished  in  their  transactions. 

The  Astronomer  Royal,  with  two  assistants,  Messrs.  Dunkin  and 
unphrej%  authorised  by  the  Board  of  Admiralty,  selected  certain 
rts  of  Sweden  and  Denmark  as  the  inost  eligible  station.  Pro- 
flor  Airy  observed  at  Goltenbcrg,  Mr.  Dunkin  at  Christiana,  and 
r.  Humphreys,  assisted  by  Mr.  Miland,  at  Christianatad. 
2980.  Observations  of  the  Astronomer  Royal.  —  The  weather  on 
a  whole  proved  favourable  at  Gottenberg.  We  take  from  the 
port  of  the  Astronomer  Royal  the  following  highly  interesting 
rticulan  of  the  progress  of  the  phenomenon. 

"  The  approach  of  the  totality  was  accompanied  with  that  indescribably 
vlerioiu  and  gloomy  appearance  of  the  whole  surrounding  prospect 
leh  I  have  seen  on  a  former  occasion.  A  patch  of  clear  blue  sky  in  the 
lith  became  purple-black  while  I  was  gaxing  at  it  I  took  off  the  higher 
vcTff  with  which  I  had  scrutinized  the  sun,  and  put  on  the  lowest  power 
agniiying  about  34  times).  With  this  I  saw  the  mountains  of  the  moon 
rfaetlj  wall.  I  watched  carefully  the  approach  of  the  moon's  limb  to  the 
1*8  limb,  which  my  graduated  dark  glass  enabled  mo  to  see  in  great  per- 
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feelioo;  I  Mw  both  limbs  pirfectly  well  dcfincj  ti 
Yme  becoming  nurrowcr  and  llie  cusps  b^nmiT 
ir  proluDg;itiuD  of  tbe  tiiabe.      I  bhw  ll 
p  to  the  suq'b,  ond  tbe  light  of  Ibe  sun  f 
hoUova  bctVGCD  Ibe  mcuiilaiu  pcukB,  and  Nil 
dngiiisbed  one  after  nnolber  in  eittrcniely  r 
ftn;  of  Ibe  Bppearnnces  nhicb  Mr.  Bnily  bu 
cohered,  tad  iramedintely  slipping  off  the  duk  jj 
pearttnceB  represented  ni  a  b  c  d.fy.  1,  PI.  X 
•■  Itefore  illudin;;  more  mmutel?  to  liiem,  ] 
I  hitie  no  ineanB  of  ucertaining  iihetber  the  d 
in  Ibe  eclipse  of  1812;  I  am  inclined  to  tl '  ""  '' 
mil;  sa-j  appalling,  obscimty,  I  saw  tbi 
tivtias  mare  diatincttf  than  the  darker 
But  whether  because  in  1B51  the  nkj  n 
(ao  tbat  Ibe  trsneition  was  from  a  maro  Ii 
nesa  nearly  equal  in  both  cases),  or  ft 
of  tbe  dnrlineHs  in  1B51  appeared  to  m 
SIj  fViends  who  were  on  tbe  npper  rock. ,( 
had  great  difficult;  in  descending,     / 
'     It  a  quarter  of  an  hour  before  ih 
ead  the  mi  nates  of  Ibe  citron  on 
I  close  to  the  cbro 

far  broader  Iban 
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"  I  again  looked  roand,  when  I  saw  a  scene  of  unexpected  beautj.  The 
Mmthem  part  of  the  sky,  as  I  have  said,  was  covered  with  uniform  white 
dood :  bat  in  the  northern  part  were  detached  clouds  upon  a  ground  of 
dear  sky.  This  clear  sky  was  now  strongly  illuminated  to  the  height  of 
Vy  or  8^^,  and  through  almost  90^  of  aiimuth,  with  rosy-red  light  shining 
through  the  interrals  between  the  clouds.  I  went  to  the  telescope,  with 
the  hopa  that  I  might  be  able  to  make  the  polarization-observation,  (which, 
ai  my  apparatus  was  ready  to  my  g^rasp,  might  have  been  done  in  three  or 
four  seconds, )  when  I  saw  that  the  sierra ^  or  rugged  line  of  projections, 
iImiwii  at  (/),  had  arisen.  This  nerra  was  more  brilliant  than  the  other 
wmniiMnces,  and  its  colour  was  nearly  scarlet  The  other  prominences 
had  perhaps  increased  in  height,  but  no  additional  new  ones  had  arisen. 
The  appearance  of  this  tierra,  nearly  in  the  place  where  I  expected  the  ap- 
pearance of  the  sun,  warned  me  that  I  ought  not  now  to  attempt  any  other 
physical  observation.  In  a  short  time  the  white  sun  burst  forth,  and  the 
esrona  and  every  prominence  vanished. 

■'  I  withdrew  from  the  telescope  and  looked  round.  The  country  seemed, 
thoagh  rapidly,  yet  half  unwillingly,  to  be  recovering  its  usual  cheerful- 
Bsss.  My  eye,  however,  was  caught  by  a  duskiness  in  the  south-east,  and 
I  immediately  perceived  that  it  was  the  eclipse-shadow  in  the  air  tra- 
vailing away  in  the  direction  of  the  shadow*s  path.  For  at  least  six  seconds 
tUs  shadow  remained  in  sight,  far  more  conspicuous  to  the  eye  tlian  I  had 
anticipated." 

2931.  Observations  of  Messrs.  DunJcin  and  ITumphrej/s.  — 
Owing  to  the  unfavoarable  state  of  the  atmosphere,  the  observa- 
tKHU  of  the  other  members  of  the  Admiralty  party  were  not  so 
ntMutory  as  those  of  its  chief.  Nevertheless,  both  observers  saw 
the  red  proroineDces,  though  imperfectly,  as  compared  with  the 
resalts  of  the  observations  of  the  Astronomer  Iloyal.  Baily's  beads 
were  seen  by  Mr.  Dunkin,  as  well  before  as  after  the  total  obscu- 
ration. Their  appcaranco  was  of  intense  brilliancy,  compared  by 
the  observer  to  a  diamond  necklace.  Their  effect  on  the  observer 
WB8  "quite  overpowering,"  being  unprepared  for  a  sight  so  mag- 
nificent. 

At  Chrifltianstad,  the  planets  Venus,  Mercurt,  and  Jupiter, 
and  the  stars  Arcturus  and  Vega,  were  visible  during  the  totality 
of  the  eclipse. 

29S2.    Observations  of  TF!  Gray,  at   Tune,  near  Sarpshorg.  — 
lliis  gentleman  also  saw  Baily's  beads,  both  before  and  after  the 
total  obscurution.     He  saw  four  of  the  red  projections,  three  of 
whieh  are  represented  mjig.  2,  pi.  xiii.,  the  fourth  resembling  c  and 
d  in  form,  and  diametrically  opposite  to  a  in  position  on  the  moon's 
limb.     The  apparent  height  of  a  was  estimated  at  1^',  and  ita 
breadth  62",  but  the  altitude  of  this  afterwards  increased  to  1}'. 
There  was  a  dark  shado  in  the  curved  portion,  which  gave  it  a  re- 
semblance to  a  gas  flamo.     The  remainder,  however,  was  rose-red, 
not  unifurm,  and  very  pale,  like  the  innermost  parts  of  the  petals 
of  a  rose.     The  red  prominence  opposite  to  a  had  an  apparent  alti- 
tode  of  1',  sod  a  deeper  red  colour.     The  prominences  c  and  d  were 
sstimated  at  about  50"  in  size. 

30* 
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g  the  totality,  the  light  seemed  like  that  of  wi  « 
at  BD  hour  and  a  half  after  sunset. 

Obarri:itioii>    of  Mcari.    Sicphcmon    and   AtU/ 
ifi'oarH. — Buily'u  bends  were  neen  both  before  »nd, 
juration.      The  cresceot,  before  disappearing,  waai 
ad  of  light,  which  broke  up  into  fragments,  and  wl 
1,  it  gave  the  idea  of  globules  of  mercury  rushing 
cr  along  the  edge  of  the  moon.     Iq  a  sccoud  or  1 
.ppearanco  of  the  crescent,  a  rose-coloured  flamtt  i 
1  limb  of  the  moon,  which  in  form  resembled  a  M 
It  increased  rapidly,  and  then  two  Other  rose-cola 
s,  above  and  below  it,  alaried  out,  differing  in  Eh 

them  as  elsewhere,  around  the  moon's  edge  oti 
Lnd  other  indistioet  lines.     The  height  of  the  prim 

was  estimated  at  about  the  iwcnlieth  of  the  moon' 
t  is,  about  1  J'.  The  chief  promiaeocea  looted  lik^ 
■B,  and  the  lurid  points  and  linos  reminded  the  oba 
■ams  of  cooling  lava. 

Ob>eri:al!oht  of  Mr.  Lasidlat  TroUhdItan  FalU.- 
e  red  prominences  seen  in  the  former  total  eclipses  < 

f 
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estimated  its  length  at  46^^  of  arc,  and  on  attentively  watching  it  towards 

the  end  of  totality,  I  saw  it  materially  lengthened  (probably  to  2^),  the 

Boon  baring  apparently  left  more  and  more  of  it  Tisible  as  she  traTelled 

leroM  the  sun.     It  was  always  curred,  and  I  did  not  remark  any  change 

if  form,  nor  the  slightest  motion  during  the  time  the  sun  was  hidden.     I 

nw  this  extraordinary  prominence /our  teeonds  after  the  end  of  totality,  but 

it  this  time  it  appeared  detached  from  the  sun's  limb,  the  strong  white 

fight  of  the  corona  interrening  between  the  limb  and  the  base  of  the  pro- 

■inence. 

"  Abont  10<*  south  of  the  above  object,  I  saw,  during  the  totality,  a  de- 
tadied  triangular  spot  of  the  same  colour,  suspended,  as  it  were,  in  the 
Hgfat  of  the  corona,  which  gradually  receded  from  the  moon's  dark  limb, 
as  she  moved  onwsrds,  and  was,  therefore,  clearly  connected  with  -the  sun. 
Its  form  and  position,  with  respect  to  the  large  prominence,  continued 
exactly  the  same  so  long  as  I  obserred  it  On  the  south  limb  of  the  moon 
appeared  a  long  range  of  rose-coloured  flames,  which  seemed  to  be  affected 
with  a  tremulous  motion,  though  not  to  any  great  extent. 

**  The  bright  rose-red  of  the  tops  of  these  projections  gradually  faded 
towards  their  bases,  and  along  the  moon's  limb  appeared  a  bright  narrow 
Une  of  a  deep  violet  tint :  not  far  from  the  western  extremity  of  this  long 
range  of  red  flames  was  an  isolated  prominence,  about  i(y^  in  altitude,  and 
another  of  similar  size  and  form,  at  an  angle  of  146°  fh>m  the  north 
towards  the  east :  the  moon  was  decidedly  reddish-purple  at  the  beginning 
of  totality,  but  the  reddish  tinge  disappeared  before  its  termination,  and 
die  disk  assumed  a  dull  purple  colour.  A  bright  glow,  like  that  of  twi- 
Uglit,  indicated  the  position  where  the  sun  was  iS>out  to  emerge,  and  three 
or  four  seconds  later  the  beads  again  formed,  this  time  instantaneously, 
bat  less  numerous,  and  even  more  irregular,  than  before.  In  ftve  seconds 
more  the  snn  reappeared  as  a  very  fine  crescent  on  the  sudden  extinction 
of  the  beads." 

2936.  Observations  of  Mr.  Dawes  near  Engelholm.  —Mr.  Dawes 
observed  the  beads,  and  found  all  the  circumstances  attending  their 
ippearance  such  as  to  leave  no  doubt  as  to  the  truth  of  the  cause 
generally  assigned  to  them.  He  observed  the  corona  a  few  seconds 
after  the  commencement  of  the  totality,  and  estimated  its  extreme 
breadth  at  half  the  moon's  diameter,  the  brightness  being  greatest 
near  the  moon's  limb,  and  gradually  decreasing  outwards.  The 
phenomena  of  the  red  protuberances,  witnessed  by  Mr.  Dawes,  are 
BO  clearly  and  satisfactorily  described  by  him,  that  we  think  it  best 
here  to  give  the  account  of  them  in  his  own  words, — 

**  Throughout  the  whole  of  the  quadrant,  from  north  to  east,  there  was 
no  visible  protuberance,  the  corona  being  uniform  and  uninterrupted. 
Between  the  east  and  south  points,  and  at  an  angle  of  about  \lb^  from 
the  north  point,  appeared  a  large  red  prominence  of  a  very  regular  conical 
form, /y.  6.  When  first  seen,  it  might  be  about  l^  in  altitude  from  the 
edge  of  the  moon,  but  its  length  diminished  as  the  moon  advanced. 

"  The  position  of  this  protuberance  may  be  inaccurate  to  a  few  degrees, 
being  more  hastily  noticed  thnn  the  others.  It  was  of  a  deep  rose  colour, 
and  rather  paler  near  the  middle  than  at  the  edges. 

**  Proceeding  southward,  at  about  145^  from  the  north  point,  commenced 
a  low  ridge  of  red  prominences,  resembling  in  outline  the  lopa  oi  ^  ^^^rj 
imgy^arrmage  of  bills.     The  higbeat  of  these  probably  d\d  lioX  ^lA^^^ 
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60"  or  56°,  kDd  rCAcheil,  Ibenfinf,  to 

bsTO  beiag  tbron^hoat  rormed  bj  tlw 

Dooii.     Tbe  irregulnrities  at  the  Uip  of  Ita 

It,  but  Ihej  certainly  Bppesretl  to  dwMM 

rtlB  the  EiLat ;  probably  an  BtmoHpheric  pheDOianiDB,  H 


Is  ridge  ritPDiIci]  thi 
leBDed  ed^e 

ntbe' 


libout  220°  commeticed  anoUicr  loir  ridge  of  tbe  rome  ckinctet, 

ftnding  (0  about  260°,  leas  elevBletl  thui  the  otbrr.  tnd  «Ii«lcN 

a  outline,  eioept  thiit  at  about  225=  a  xerj  remarkable  pot*- 

ac  from  it  to  on  altitude  of  ])',  or  more.     The  tint  of  tbe  In 

1  ralher  pate  pink ;   (be  colour  of  the  more  elevated  promiuMl 

iledly  deeper,  and   its  brightoeaa   mocb  tnorc  viTid.     In  fiii«  )l 

'     ait,  tbe  coQTei  side  heiiig  aDrllivurdt<,  ami  tbe  oosoM 

apei  waa  somewlint  acute,     Tbis  protuberance,  and  Ibl 

|e  conneoled  witb  it,  were  obierred  Bod  eBtimuted  in  beight  Umah 

if  tbe  totality. 

kaall  double-poiuted  promiaeiice  wtB  noticed  at  aboat  BS^'.Mil 

JloR  one  vitb  a  broad  hnxe,  at  about  263°.     These  were  alw  otllv 

^ured  tint,  but  rotber  paler  tbtin  tbe  large  oue  at  225". 

it  directly  preceding,  or  at  270°,  appeared  a  bluntly  triatinltf 

e,  in  tbe  corona.      Thia  was  eeparated  MM 

n  nret  eeen,  and  tbe  separation  iuereaaed  as  tbemeM 

lO  appearance  of  a  larije  conieitl  protuberance,  «boll 

1  by  aoma  intarTeoing  eoft  and  ill-deBaed  eubatanee.  litt 


Idy,  luipendnl,  a 
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{7.  EffocU  of  total  objuration  on  imitouk 
y.  —  Although  the  different  partieB  of  oboeire* 
ith  of  the  moon^B  shadow  were  not  equally  fbrtub^  opposition, 
r  QDclouded  sky,  they  were  all  enabled  to  obaeryQ^^i  latitude 
Bfects  of  the  total  obscuration  upon  the  surroundiuMparent 
lOODtiy.  Dr.  Boberteon  of  Edinburgh,  Dr.  Robinson  «onioaI 
y  and  some  others,  witnessed  the  eclipse  from  an  island  oit^,  it 
of  Norway,  in  lat  61^  21',  at  a  point  in  the  path  of  the  ax. 
f  shadow.  The  precursory  phenomena  corresponded  with  those 
bed  by  other  observers.  The  atmosphere  was,  however,  ob- 
1  by  clouds,  which  appeared  to  rush  down  in  streams  from 
»laoe  of  the  sun.  The  sea-fowl  flocked  to  their  customary 
\  of  rest  and  shelter  in  the  rocks.  The  darkness  at  the  moment 
j1  obscuration  was  sudden,  but  not  absolute ;  for  the  clouds 
left  an  open  strip  of  the  sky,  which  assumed  a  dark  lurid 
je,  which  changed  to  a  greenish  colour  in  another  direction, 
abed  upon  persons  and  objects  a  faint  and  unearthly  light. 
»  and  candles,  seen  at  fifty  or  sixty  yards  distance,  were  as 
e  as  in  a  dark  night,  and  the  redness  of  their  light  presented  a 
^  contrast  with  the  general  green  hue  of  every  thing  around 
''The  appearance  of  the  country,"  says  Dr.  Robertson, 
1  through  the  lurid  opening  under  the  clouds,  was  most  ap- 
ig.  The  distant  peaks  of  the  Tostedals  and  Dorieffeld  moun- 
were  seen  still  illuminated  by  the  sun,  while  we  were  in  utter 
less.  Never  before  have  we  observed  all  the  lights  of  heaven 
wrth  so  entirely  confined  to  one  narrow  strip  along  the  horizon, 
iver  that  peculiar  greenish  hue,  and  never  that  appearance  of 
darkness  in  the  place  of  observation,  and  of  excessive  distance 
iO  yerge  of  the  horizon,  caused  in  this  case  by  the  hills  there 
;  more  highly  illumiuated  as  they  receded  by  a  less  and  less 
led  sun." 

r.  Hind  says,  that  during  the  obscuration  ''  the  entire  landscape 
iverspread  with  an  unnatural  gloom;  persons  around  him  assumed 
learthly  cadaverous  aspect ;  the  distant  sea  appeared  of  a  lurid  red ; 
outhem  heavens  had  a  sombre  purple  hue,  the  place  of  the  sun 
\  indicated  only  by  the  corona  ;  the  northern  heavens  had  an 
ee  violet  hue,  and  appeared  very  near.  On  the  east  and  west 
le  northern  meridian,  bands  of  light  of  a  yellowish  crimson 
r  were  seen,  which  gradually  faded  away  into  the  unnatural 
Is  of  the  sky  at  greater  altitudes;  producing  an  effect  that  can 
r  be  effiiced  from  the  memory,  though  no  description  could 
a  just  idea  of  its  awful  grandeur.'' 

\  several  places  in  Prussia,  where  the  heavens  Were  unclouded 
ig  the  total  obscuration,  a  great  number  of  the  more  conspicuous 
,  as  well  as  the  planets  Jupiter,  Venus,  and  Mercury,  were 
le.     Several  flowering  plants  were  observed  to  close  their  bios- 
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^otphere. — Many  of  ihe  pkao> 
les  afford  strong  cmmntmj 
iaimospherei  extending  to  •  ihI 
i  of  the  son,  the  protabiEferfr 

to). 

ff  soRoonding  the  dark  diik  rf 
k  observed  to  oe  eoneentrisiiA 
>the  latter  is  oonoentrie  iiitt  lb 
kn's  disky  it  appeaia  to  bic» 
uM  wonia  be  the  effwt  produoed  bj aiok 
non-lamiDous  atmospbere  fiEuntly  reflecting  the  sun's  lishL 

The  coroDa  supplies  no  exact  data  by  whidi  the  height  of  lb 
solar  atmosphere  thus  faintly  reflecting  light  can  be  aseertainsd;  hi 
Sir  J.  Herschel  thinks,  that  from  the  manner  in  whieh  the 
nution  of  light  is  manifested  on  the  snn's  disk,  being  by  no 

sudden  on  approachiDg  the  borders,  but  extending  to  aoine  di 

within  the  disk,  the  height  must  not  only  be  great  in  an  ahnhti 
sense,  but  must  even  bo  a  very  considerable  fraotion  of  the  iss'i 
semi-diameter;  and  this  inference  is  stroDgly  confirmed  by  the  iuu- 
nous  coroDa  surroundiDg  the  eclipsed  disk. 

2989.  Probable  causes  of  the  red  emanations  i*f»  total  tokr 
eclipaes.  —  It  appears  to  be  agreed  generally  among  astronoDen 
that  the  red  emaDations  above  described  are  solar,  and  not  losir. 
If  they  be  admitted  then  to  be  solar,  it  is  scarcely  possible  t» 
imagine  them  to  be  solid  matter,  notwithstanding  the  apparent  eoi- 
stancy  of  their  form  in  the  brief  interval  during  which  at  any  ooe 
time  they  are  visible ;  for  tho  entire  duration  of  their  visibility  bai 
never  yet  been  so  much  as  four  minutes.  To  admit  the  poKWtf 
of  their  being  solar  niountaiDs  projecting  above  the  Innunons  ata^ 
sphere  surrounding  the  sun,  and  rising  to  the  height  in  the  eztHkr 
and  non-luminous  atmosphere  forming  the  corona  neoessaij  ti 
explain  their  appearance,  we  must  suppose  their  height  to  amoantti 
nearly  a  twentieth  part  of  the  sun's  diameter,  that  is,  to  44^Mi 
miles. 

-The  fact  that  they  are  gaseous  and  not  solid  matter  i^pM 
therefore,  to  be  conclusively  established  by  their  enormoos  B^ 
nitude,  the  great  height  above  the  surface  of  the  sun  at  which  ihV 
are  placed,  their  faint  degree  of  illumination,  and  the  limiiillisO 
of  their  being  sometimes  detached  at  their  base  from  the  wdb 
limb  of  the  sun.  These  circumstances  render  it  probable  thil  tktfi 
remarkable  appearances  are  produced  by  cloudy  masses  of  eztNi> 
tenuity,  supported,  and  probably  produced  in  an  extensive  sphHad 
shell  of  non-luminous  gaseous  matter,  surrounding  and  liang 
the  luminous  surface  of  the  sun  to  a  great  altitude. 
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n.  Lunar  Ecupses. 

).  Cau9e  of  lunar  eclipses. — When  the  moon  is  in  oppositioDy 
irent  diBtance  from  the  plane  of  the  eoliptio  or  its  latitude, 
;  from  0°  to  upwards  of  5^,  is  at  times  less  than  the  apparent 
imeter,  om,  Jig,  798,  of  the  section  of  the  earth's  conical 
;  in  which  case,  filling  more  or  less  within  the  shadow,  it 
deprived  of  the  sun's  light,  and  will  therefore  be  eclipsed, 
dbrcnmstances  and  conditions  attending  such  a  phenomenon 
evidently  on  the  dimensions  of  the  earth's  shadow,  the  mag- 
of  its  section  at  the  moon's  distance^  and  the  position  of  the 
1  relation  to  it 

«  Dimensions  of  the  earth's  shadow.  —  Let  s,  h,  /,  and  k 
,  as  before,  the  apparent  semi-diameters  and  horizontal  pafal- 
f  the  sun  and  moon,  and  let  s  express  the  semi-angle  e/af 
eonical  shadow,  and  s'  the  apparent  semi-diameter  oaf  n  of 
ion  of  the  shadow  at  the  moon's  distance.  By  the  common 
lee  of  geometry  we  shall  then  have 

express  the  length  a'/  of  the  shadow,  in  semi-diameters  of 
th.     We  shall  then  have  (2297) 

206265  _  206265 

being  expressed  in  seconds. 
mean  value  of  s — h  being  952'^,  we  shall  have 

L  =  206. 

L  Conditions  which  determine  lunar  eclipses.  —  As  the  earth 
in  its  orbit  round  the  sun,  this  conical  shadow  is  therefore 
tly  projected  in  a  direction  contrary  to  that  of  the  sun.  The 
^  Jig.  794,  of  the  cone  is  always  in  the  plane  of  the  eoliptio, 

vertex  /  describes  an  orbit  which  lies  in  the  plane  of  the 
f  outside  that  of  the  earth,  at  a  distance  somewhat  above  206 
ameters  of  the  earth.      Any  body,  therefore,  which  may 

to  be  in  the  plane  of  the  ecliptic,  or  sufficiently  near  to  it, 
thin  this  distance  of  the  path  of  the  earth,  will  be  deprived 
■nn's  light  while  it  is  within  the  limits  of  the  coue.  The 
long  the  only  body  in  the  universe  which  passes  within  such 
we  of  the  earth,  is  therefore  the  only  one  which  can  be  thus 
«L 

he  distance  of  the  moon,  which  is  less  than  one-third  of  the 
of  the  shadow,  the  section  of  the  dark  cone  is  a  circular  disk, 
pnent  semi-diameter  of  which,  according  to  what  has  just 
roved,  subtends  an  angle,  the  mean  and  extreme  values  of 


-4    .Ml(>l<<.>f 

which  will  be  finnd  by  giving  to  th«  quntitk»«kkk<al»lht1» 
ceding  fonnalm  fcr  ^',  their  m^a  vai  axtnuM  —' — 

Tba  sKkteat  viiiuc  of  ff  wtU  bvlowA  bjr 
valw  M  tfaa  aom  of  the  h^iaDDUl  panlluM^  aod  itii»i 

Iti  lent  nine  is  found  bj  sabtracliiig  Ibe  mal«at  valM 
n^^iBKKter  from  the  lesst  vdnes  « the  boriKotit  " 
it  if  dmefbw  ^v.^ 

rf=54'7''  — 16-18"  =  Sr49»  "  ';;^ 

Hm  neaa  value  of  e*  is,  in  like  manner,  •  '  ,  Ti5 

B-  =  57'  47"  — 16'  2"  =t  41'  46". 

TIm  lectioD  of  the  iludow  may  tfaenfera  be  regarded  m  a  Jut 
ditk,  whoM  afpareDt  aeiai-diameter  wiea  between  37'  40"  ul 
Atf^f,  ami  ae  true  place  of  vhoee  eeotre  i«  on  a  point  n  A* 
•eliptio  180°  behind  the  eeotre  of  the  eon.  A  Innar  eclipM  iaT<^ 
dBBM  1*7  tbe  oopetponlioa,  putial  or  tot^  of  thie  disk  on  that  ef  ita 
moon,  rad  tiM  oircumBtsneee  and  coBdiliam  which  dctermiiH  (beI 
■n  eelipee  ere  ioTeatigaled  upon  the  prindplee  already  cipluiMd. 

By  the  eolar  tablea,  the  ap{)arcnt  position  of  the  centre  ot  the  so, 
from  hoar  to  hour,  may  be  aKcertaiDcd,end  the  position  of  tbeoean 
of  the  section  of  the  shadow  Otay  thence  be  inferred.  Froa  At 
lunar  tables,  the  position  of  the  nioan*s  oentro  being  in  like  mumcr 
determined,  the  distance  between  the  ceDtres  of  the  ^eotiuu  of  tlie 
shadow  and  the  luoou's  disk  can  be  ascertained.  Wbeu  thi?  liisuan 
is  equal  to  the  sum  of  the  apparent  semi-diameters  of  the  nKim'i 
disk  and  the  seotion  of  the  shadow,  the  eclipse  will  begin  ;  the  no- 
ment  when  the  distanco  is  least  will  be  the  middle  of  the  edips) 
and  the  line  of  greatest  obscntation ;  and  when  the  distance  betwM 
the  oentree  increaGiug  becomes  again  equal  to  the  sum  of  the  ap^wvat 
Nmi-di«meter«,  the  eclipse  will  tennioBte.  The  oompatatioa  sf  iD 
these  conditions,  and  the  time  of  their  ooonrreaoe,  preseata 
diffieolty  than  those  of  ordinary  arithmetical  ealenladon. 

The  magnitude  of  th<3  cclip.itGa  is  mcBsared,  like  that  of 
bj  the  difference  between  the  sum  of  the  semi-diameters  tai  te< 
distance  between  tbe  centres. 

The  occurrence  of  a  total  eclipse,  and  the  moment  of  ito  ■>» 
tnenoement,  if  it  t:ilie  place,  arc  dctermiiied  by  tbe  distanee  betvM 
the  centra  of  the  shadow  and  that  of  the  moos  heooming  eqad  f 
tiM  difference  betntee  ihe  serai-diameter  of  the  shadow  and  thil  ** 
the  moon.  ThuR,  a.  total  eclipse  will  take  plaoe  if  the  moon'e  IdiH 
in  L  in  opposition  be  less  than  ^.' 

L  =  s'  -  y  =  (A  +  A-)  —  (.  +  ^); 
that  ia,  lesa  than  the  difference  between  the  sum  of  tba  hoibll 
panlluflB  and  the  sum  of  the  semi-diametna. 
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Biooe  the  Bum  of  the  horuontal  panllmzeSi  eyen  when  least,  is 
mach  greater  than  the  sam  of  the  apparent  semi-diameters,  even 
when  greatest,  a  total  eclipse  of  the  moon  is  always  possible,  pro- 
▼ided  the  centre  of  the  moon  approaches  near  enough  to  the  centre 
of  the  shadow,  and  for  the  same  reason  an  annual  lunar  eclipse  is 
impoflsible. 

2M3.  Lunar  ecliptic  limits. — That  a  lunar  eclipse  may  take 
placei  it  is  necessary  that  the  moon,  when  in  opposition,  should 
i^iproach  the  eoliptio  within  a  distance  less  than  the  sum  of  the 
apparent  semi-diameters  of  the  moon  and  the  section  of  the  shadow. 
Let  its  latitude  in  opposition  be  L,  the  limiting  value  of  this  will  be 

jj  =  h  +  h!  +  if  —  t. 

If  the  latitude  of  the  moon  be  less  than  this  ^which  is  the  sum 
of  the  semi-diameters  of  the  moon  and  shadow)  an  eclipse  must 
iake  place. 

Bat,  as  in  the  case  of  solar  eclipses,  the  quantities  composing  this 
being  variable,  the  limit  itself  is  variable.  If  such  values  be 
Msigned  to  the  component  quantities  as  to  render  l'  the  greatest 
poesible,  we  shall  obtain  the  latitude  within  which  an  eclipse  is  pos- 
nUe.  If  such  values  be  assigned,  as  will  render  i/  the  least  pos- 
flble,  we  shall  obtain  the  htitude  within  which  an  eclipse  is 
inevitable. 

To  obtain  the  major  limit,  we  most  take  the  greatest  value  of  A, 
Vf  and  /,  and  the  least  value  of  s.     This  will  give 

L'  «  61' 27"  +  16' 46"  —  16' 45"  =  1^2' 28"; 

and  to  obtain  the  minor  limit,  we  must  assign  the  least  values  to 
hf  k,  and  /,  and  the  greatest  to  s,  which  will  give 

L'  =  54'  7"  +  14'  44"  —  16'  18"  =  52'  83". 

• 

The  corresponding  distances  from  the  node^  determined  in  the  same 
aanner  aa  in  the  ease  of  the  solar  ecliptio  limits,  will  be,  for  the 
Major  limit, 

N8  =  11°34'38", 

and  for  the  minor  limit, 

n'  8  =  9°  24'  22". 

If  the  moon  in  opposition  be  within  11^  34'  38"  of  its  node, 
Iheriefore,  a  lunar  eclipse  may  take  place,  and  toill  do  so,  if  the  ap- 
parent diameters  and  parallaxes  have  the  necessary  values ;  but  if 
utakc  place  within  9^  24'  22"  of  the  node,  an  eclipse  must  take 
place,  because  the  same  quantities  must  be  within  the  requisite 
umits. 

Since  the  sun  moves  through  these  limits  on  each  side  of  the 
bode,  in  from  18 1  to  22}  days,  it  may  happen  that  within  tlie  Ivov!^ 
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ion  ma;  tike  place  at  either  Dode,  and  coDeeqaentlj  thai 
■clipso  muj  take  place  within  the  year. 
Limit*  /or  a  total  tdiptf.  —  It  has  been  expluioed  tbat  a 
ic  can  onlj  take  place  when  the  moon's  latitude  in  oppo< 
:&s  than 

I.  =  (A  +  AO  -  (*  +  n 
rmine  the  limit  Trilhin  which  a,  total  eclipse  \BpOM$ibk,m 
^  t«  A  -f  A'  its  greatest,  and  to  f  +  i'  its  least,  valw. 

L'  =  (61'  27")  —  (SC  29")  =  80-  58". 
ice  from  the  node  oorreapooding  to  this  u  therefijte 
KB  =  (30-58')  x^^  =  5" 44' 21". 

,ssigQ  to  A  +  A'  its  least,  and  itti  +  i  ita  greatett,  nlnft    . 

L"  =  (54'  7")  —  (33'  4")  =  21'  3", 
irresponding  distance  from  the  node  is 
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iMf,  and  five  may,  take  plaee  within  the  year,  while  not 
e  latter  may  occur.  Nevertheless,  the  number  of  lunar 
exhibited  at  any  given  place  on  the  earth  is  grcafor  than 
lar  eclipses,  because,  although  the  latter  occur  ^ith  ko  much 
?quency,  they  are  seen  only  within  particular  limits  ou  the 
rface. 

Efftciz  of  (he  earth* 8  penumbra,  —  Lrtig  before  the  moon 
bin  the  sides  of  the  cone  of  the  sha^bw,  it  enters  the  po- 
ind is  partially  deprived  of  the  sun^  light,  so  as  to  render 
ination  of  its  surface  sensibly  m<^  faint.     When  once  it 
thin  the  line  afp\  Jig.  799,  {on*^g  the  external  limit  of 
nbra,  it  ceases  to  receive  light^i^m  that  part  of  the  sun 
near  the  limb  b.     As  it  advices  closer  to  a'/  the  edge 
e  shadow,  more  and  more  of«^o  ^Imt  rays  are  intetoepted 
fth ;  and  when  it  approach  the  edge,  it  is  only  illnmi- 
a  thin  crescent  of  the  sun^^^^'^  from  the  moon  over  the 
he  earth  at  a'.     It  migl\^  ^^us  inferred,  that  the  obeea- 
ration  of  the  moo^^^  «>  extremely  gradual,  that  it 
would  be  impossi®  'o  perceive  the  limitation  of  the 
shadow  and  per"^*^™;     Nevertheless,  snoh  is  the 
splendour  of  th^w  "ght,  that  the  thinnest  crescent 
of  the  sun,  to  *»ich  the  nrt  of  the  moon's  surfaee 
near  the  edge*'  y*®  f"™»'«  ihtdow  is  exposed,  pre 
duces  a  dege  of  illmP'''»U!>|kA^hieh  oontraals  ao 
strongly  wit^^e  shadow  as  ^^^^'^'^T;^^ 
of  thl  latti  BO  distinct,  that  «^[.Pj^^^ 
sents  one  /  the  most  stnknig;^denc«i  of  the 
tanditv  of  ne  earth,  the  form  of  the  shadow  being 
aocurateliliat  which  one  globe  would  project  upon 

294tS  Effects  of  refraction  of  the  earth* t  atmO' 
mheren  total  «Ji>««.— If  the  earth  were  not  sur- 
rouni^  with  an  atmosphere  capable  of  refracting  the 
sun'  Hght,  the  disk  of  the  moon  would  be  absolutely 
legible   after  entering    within    the    edge    of    the 
glftdow.      For  the  same  reason,  however,  that  we 
entinue  to  see  the  sun's  disk,  and  receive  its  rays 
iter  it  has  really  descended  below  the  horixon,  an 
jbserver  placed  upon  the  moon,  and  therefore  the  sur- 
face of  the  moon  itself,  must  continue  to  receive  the 
sun's  rays  after  the  interpontion  of  the  edge  of  the 
earth's  disk  as  seen  from  the  moon.     This  refracted 
light  falling  upon  the  moon  after  it  has  entered  within 
I       the  limits  of  the  shadow,  produces  upon  it  a  peculiar 
illumination,  corresponding  in  faintness  and.  colour  to 
bus  truasmitted  through  the  earth's  atmotpbeTe. 


ndarj 
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Tn  rcnacr  tiU  more  clear,  let  e/./y.  809,  represent  adiiioekr 
f  the  earth  at  right  snglea  to  tbe  axis  /  of  tbe  sba-iow,  and  kt 
'  m-rearnt  the  limits  of  llie  atmosphere.  Let  j  ^/  be  ibe  r»j 
nmoeediiW  from  the  edge  of  tho  euD,  and  forming  therefure  lie 
fcoMdarv  of  the  slwilow,  considered  without  reference  to  tbe  lUnfr 
■nhero  But  tU*  solar  nij-a  io  pasaiog  tbrough  the  codtci  shell  uf 
-ir  between  a  ana*,  are  affected  as  they  would  be  by  a  couTeileoi 
composed  of  a  trmsparcnt  refraodug  mediam  (1028),  and  ne 
tbercforo  rendered  ciavergent,  so  that  the  ray  »c,  loatcsd  of  pi»iig 
directly  to  m,  will  bc'ient  inwards  towards  m',  while  tbe  ray  wbci 
really  passes  from  =  tojis  one  which  cornea  m  the  direction  /(.wd 
therefore  from  a  pomt  -itbin  the  sun ;8  disk  IJie  moonsdai^ 
therefore,  or  any  point  of  t  which  la  witbm  the  angle  m  ^  m .  aiU 
receive  this  refracted  ligbt^nd  will  be  illuminated  by  it  in  accotd- 
inee  with  ila  colour  aoJ  intMajty. 

The  deflection  which  a  aot  ny  sufTera  in  puaing  thnn^lh 
tn,™,nbere  towards  e  on  the  Hg  of  the  ann,  ia  equul  to  oa  fait 
L^utol  refraciion.and  as,  ac«.rdii,  u>  the  principles  of  optia(W«|, 
^  ...ffctB  an  equal  refraction  i^^ssing  out  on  tie  other  Mll^« 
iur  deflecuon,  which  ^^'^^^J  the  «>gl»  «  ^  "•;,  U  tn^ 
boriwntal  refraction.  But  the  ™e.  .i^^  o?  tho  bontODbrill«» 
ii,n  Wine  3o',the  meanwlie  of  th^ngio  mem'  will  be  6ff.  fct 
Se  the  greatest  value  of  "^  '■  o  ■«  V  42"  (21142 ).  it  follow  lb> 
!  .  r^fraetld  ray  ««'  *'"  *^*"  "P°"  ^-  MctioD  of  the  ahadf«J«i     ■ 

po."  ^<^y°^a  Vhe  ahadow,  it  follows  t.t  the  entire  sec.U  wittV 
poili  br  less  illuminated  by  the  light  tig  rcfnioted  ;  the  intflW«t| 
oT  such  illumination  Increases  from  tho  -nire  towards  tho  bqi^m. 
2fl49.  Tli<-  hinrjr  disk  fi.ii!.(e  dariu-f  ti^i  (A^^ratian.  — IRm 
the  moon  s  limb  first  enters  the  shadow  at  ,_  the  contrast  aai^t 
of  tbe  part  of  llio  disk  still  enligbtcued  b^the  direct  ranvit 
fcun  render  the  eye  insensible  to  the  more  l,ble  ilIuminatiM|l» 
duced  upon  the  eclipsed  jmrt  of  the  disk  by  tfairefrucied  rem.  it, 
however,  tho  cclip^  prnceeds,  and  the  tnagnitua  <)f  tijg  puttf  Al 
disk  directly  enlightened  decreases,  the  eye,  paily  rclievod-fiM 
the  esiicssive  glare,  begins  to  perceive  very  fsiujy  the  lutpi 
limb,  which  Is  Dcvcrlbcless  visible  from  the  bcginniiif  in  ^  (cImW 
in  which  it  appears  with  a  dark  grey  hue.  When  -he  cnliwifi^ 
has  pulsed  into  the  shadow,  it  becomes  distinctly  vi»f,Je,  sha^Nb^ 
gradation  of  tints  fixini  a  bluish  or  greeoish  on  the  on^^M* 
gradually  increasing  red,  which,  further  in,  chnnges  to  a  Mid 
resembling  that  of  incanJcscenl  iron  when  at  a  dull  mi  haat.  A 
k  the  lunar  disk  npproaehes  the  centre  of  tbe  ahadow,  tLiandW 
is  apread  all  over  it.  Its  illumination  in  this  positioD  ia  wbhWH' 
BO  strung  OS  to  throw  a  sensible  shadow,  and  to  render  ^tiac'Ij 
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I  ■>  tlH  telescope  tba  lineamenta  of  ligbt  and  shadow  npon  id 

M  e&cia  are  altngother  siioilar  to  tho  sucocsaloo  of  tints 
ped  ia  our  (itmoKphero  at  aoDBet,  and  arise,  in  fact,  from  the 
tmaae,  operating,  however,  with  a  two-fold  intcoBity.  The 
■ys  traversing  twice  the  tbickneM  of  air,  the  blue  and  green 
an  mon  effeetually  afamrbed,  and  a  still  more  intcDse  red  is 
kI  to  the  tinta  transmitted.  Without  panning  these  eoow- 
s  fbrtbpT  here,  the  stuiJent  will  find  no  diffionlty  in  tracing 
n  the  efieota  of  aunaet  and  of  sunrae,  and  of  evening  and 
g  twilight. 


>,  Tlifl  tnotiona  of  Jnpiter  and  his  satellites,  as  seen  from  th« 
.  Mrth,  exhibit,  from  time  to  time,  all  tba 
effeote  of  interposition. 

Let  J /gjf^.  810,  represent  the  planet, 
j/y  its  conical  shadow,  »  i  the  snn,  B 
and  if  the  positions  of  the  enrth  when 
I  the  planet  is  in  quadroture,  in  which 
porition  the  sbudow  j/j*  is  prexented 
with  least  ijUiquity  to  the  tIhubI  line, 
and  tharefon)  WM  ftreshortenod,  and 
most  dis^nctl J  seiw.  Lot  bU  d'  d  repre- 
sent the  orbital  one  of  iho  satellites, 
the  piano  of  wfalA  coincides  nearly  with 
that  of  the  planet's  orbit,  and,  for  the 
porposea  of  the  present  illnstration,  the 
latter  may  be  ct)itsidU«ed  as  coinciding 
irich  the  eoliptio  without  producing  sen- 
I  Bible  error. 

From  E  suppose  the  visual  lineB  B  J 
I    and  E^  to  he  drawn,  meeting  the  path 
of  the  satellito  at  d  and  g,  and  at  a'  and 
V,  and,  in  like  manner,  let  the  corres- 
ponding visual  lines  from  e'  meet  it  at 
\  rf  and  tj,  end  at  u'  and  h'.     liet  c  and 
I  <^  be  the  points  whero  the  path  of  the 
I  satellite  crosses  the  limits  of  the  shadow, 
I  and  h  and  K  the  points  where  it  croeacs 
'  tbe  extreme  solar  rays  which  puBs  abng 
those  limits. 

If  I  express  the   length  j/  of  the 
shadow,  d  tha  distance  of  the  planet 
from  the  son  ia  Mm\-duiQ«teTa  (A  ^A 
37* 
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planet,  and  r  and  t'  the  Bemi-diameten  of  the  son  and  the  phaeC 

respectively,  we  shall  have  (2917) 

^^^^ V 

T  —  T 

But 

d  =  11227  r  =  441000  ¥  =  4400, 

and  therefore 

I  =  11227  X  ^,^    .,  =  1247; 

441  —  44 

that  IS  to  say,  the  length  of  the  shadow  is  1247  semi-diameten  of 
the  planet.  Now,  since  the  distance  of  the  most  remote  aatellito  ii 
not  BO  much  as  27  semi-diameters  of  the  planet  (2760),  and  mee 
the  orhits  of  the  satellites  are  almost  exactly  in  the  plane  of  tbe 
orbit  of  the  planet,  it  is  evident  that  they  will  necoasariW  fM 
through  the  shadow,  and  almost  through  its  axis,  every  renMutHi^ 
and  the  lengths  of  their  paths  in  the  shadow  will  be  Tcrj  little  1» 
than  the  diumetcr  of  the  planet. 

The  fourth  satellite,  in  extremely  rare  oases,  presents  an  exe^ 
tion  to  this,  passing  through  opposition  without  entering  theshadov. 
In  general,  however,  it  may  be  considered  that  all  the  satelliteiiB 
opposition  pass  through  the  shadow. 

2951.  EffecH  of  xnttrpofiUion.  —  The  planet  and  satellites  ex- 
hibit, from  time  to  time,  four  different  effects  of  interposition. 

2952.  1st.  Eclipses  of  the  satellites. — These  take  place  whet 
the  satellites  pass  behind  tbe  planet.  Their  entrance  into  thi 
shadow,  called  the  immersion^  is  marked  by  their  sudden  extinetioo. 
Their  passage  out  of  the  shadow,  called  their  emergiany  is  maniiieited 
by  their  being  suddenly  relighted. 

2953.  2nd.  Eclipses  of  the  planet  hr/  the  satellites.  —  When  thi 
satellites,  at  tbe  periods  of  their  conjunctions,  pass  between  the 
lines  sJ  and  sf  /,  their  shadows  are  projected  on  the  surface  of  tbi 
planet  in  the  same  manner  as  the  shadow  of  the  moon  is  projected 
on  the  earth  in  a  solar  eclipse,  and  in  this  case  the  shadow  may  be 
8£en  moving  across  the  disk  of  the  planet,  in  a  direction  paralld  to 
its  belts,  as  a  small  round  and  intensely  black  spot. 

2954.  3r(l.  Oanltafions  of  the  satrJlites  bj/ t)ie  planet. — "When 
a  satellite,  passing  behind  the  planet,  is  between  the  tangents  XJd^ 
and  E  j'  L'j  drawn  from  the  earth,  it  is  concealed  from  the  ohaerfa 
on  the  earth  by  the  interposition  of  the  body  of  the  planet  I* 
suddenly  disappears  on  one  side  of  the  planet's  disk,  and  as  lai- 
denly  reappears  on  the  other  side,  having  passed  over  that  part  of 
its  orbit  which  is  included  between  the  tangents.  This  phenomeoon 
is  called  an  occultation  of  the  satellite. 

2955.  4th.   Transits  of  the  Mutcllite^  over  theplantU  — When  i 
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^  being  between  the  earth  and  planet,  panes  between  tbe 
ts  E  J  and  X  /,  drawn  from  the  earth  to  the  planet,  its  disk  is 
ed  on  that  of  the  planet,  and  it  may  be  seen  passing  across, 
lall  brown  spot,  brighter  or  darker  than  the  ground  on  which 
ojected,  according  as  it  is  projected  on  a  dark  or  bright  belt 
itrance  of  the  satellite  upon  tbe  disk,  and  its  departure  from 
denominated  its  ingress  and  egress. 

L  AU  these  phenomena  manifested  at  quadrature,  —  When 
net  is  in  quadrature,  and  the  shadow  therefore  presented  to 
iial  ray  with  least  effect  of  foreshortening,  all  these  several 
lena  may  be  witnessed  in  the  revolution  of  each  satellite. 
earth  b^ng  at  b  or  e',  the  visual  line  e  J  or  e'  /  crosses  the 
ry  of  or  X  of  the  shadow  at  a  distance  zf  f  or  xj  from  the 
which  bears  the  same  ratio  to  its  diameter  as  the  distance  of 
'  from  the  sun  bears  to  the  distance  of  the  earth  from  the 
is  erident  from  the  figure.  But  Jupiter's  distance  from  the 
ng  fiye  times  that  of  the  earth,  it  follows  that  the  distance 
iTtt  diameters,  or  ten  semi-diameters,  of  the  planet  But 
be  distance  of  the  first  satellite  is  only  six,  and  that  of  the 
somewhat  less  than  ten,  semi-diameters  of  the  planet,  it  fol- 
lat  the  paths  of  these  two  will  lie  within  the  distance  x  J 

planet  being  in  quadrature  90^  behind  the  sun,  the  esrth 
at  I,  and  the  entire  section  c  e^  of  the  shadow,  at  the  dis- 
sf  the  third  and  fourth  satellites  ^which  are  15  and  27  semi- 
«n  of  the  planet  respectively),  will  be  visible  to  the  west  of 
net,  so  that  when  these  satellites,  moving  from  6,  as  indi- 
y  the  arrow,  pass  through  the  shadow,  their  immersion  and 
o  will  be  both  manifested  on  the  west  of  the  planet,  by  their 
disappearance  and  reappearance  on  entering  and  emerging 
e  shadow  at  c  and  d.  But  the  section  of  the  shadow,  at  the 
m  of  the  first  and  second  satellites,  being  nearer  to  the  planet 
df  will  be  visible  only  at  its  western  edge,  the  planet  inter- 
ihe  visual  ray  directed  to  the  eastern  edge.  The  immer- 
erefore,  of  these  will  be  manifested  by  their  sudden  disap- 
6  on  the  west  of  the  planet,  at  the  moment  of  their 
ion;  but  the  view  of  their  immersion  will  be  intercepted  by 
ly  of  the  planet,  and  they  will  only  reappear  after  having 
behind  the  planet 

third  and  fourth  satellites,  after  emerging  from  the  shadow 
id  appearing  to  be  relighted,  will  again  be  extinguished  when 
ne  to  the  visual  ray  x  j  a',  which  touches  the  planet.  The 
i  of  passing  this  ray  is  that  of  the  commencement  of  their 
ion  by  the  planet.  They  will  continue  invisible  until  they 
t  the  other  tangential  visual  ray  E  j'  b',  when  they  will  sud- 
isfj^paar  io  the  east  of  the  planet^  the  occullAtiou  ctatt&f^. 


of  lk»  oomltitiM  pmadng  tbt  Ur^aMm  ti  Om 

prnvoifcd,  tka  uWlito  at  the  nwwt  «f  dw  ~ 

edgiof  tbajduut  not  lurag  jM  *  "-' 

tbMe  CUM,  tkenfan,  tk«  i' 

iMDWBHBt  of  the  acUpw, 

of  the  OMultttiai,  ■loBO  ire  peroehadf  tfaesaKriHkrfthv 

being  eoncoded  by  the  ooeotMioa,  wkkk  k»  riiiii)  Mm 

^  ibe  dMppeumee  tt  tbt  tiniiwiBiiwftef  fte  ocealtKHaK^ 

ptewted  hf  the  eoUpes  not  jet  twiMlid, 

Wben  tbe  MtelUte,  prooeedinff  in  ili  cMt,  Brrivra  at 
ebadow  Ub  upon  ttw  penet  and  h  neat  ftow  the  earth, . 
more  icnw  iti  diik  u  a  nnall  Uaok  tfdt,  mlSh  the  pUnet 
frmn  y  to  A> 

When  the  planet  arrirea  at  y,  it  paMi  fte  viBoiJ  ny  b<_ 
wbfle  it  moves  fhnn  ff  ta  d,ha  £k  ii  {fN^HBled  oo  that  ■ 
planet,  and  a  tnnrit  takea  plac^  an  altmiy  dMditbed.  ^ 

ThiUrat  qnadratoie,  tbe  tfiifd  and  fiwtb  aUtUitcH  { 
ooHvel;  all  the  pbenomeoa  of  interpoaifiba ;  tet,  an  eclipse  i4. 
■atellite  to  the  weat  of  the  planet  ehoWa  tkrth  immersion  and  el 
sion ;  2Dd,  an  occultation  of  the  Batellite  by  tbe  planet,  the  Hm^ 
pearauce  and  reappearance  being  both  manilfeated  ;  3rd,  the  ecUna 
of  the  planet  bj  the  atelBfe;  and  4th,  die  transit  of  the  aat^M 
over  the  planet. 

2957.  EffixU  modified  at  other  ebmgatioM.  —  There  ia  a  eertaia 
limit,  BDoh  as  e,  at  wUoh  the  eneraion  of  (be  third  and  Jbatdk 
■ateUites  is  interoeptod,  like  that  of  the  firat,  bj  the  bodj  of  A* 
planet  This  is  determined  bj  the  plaoe  of  the  earth  from  wlu4 
the  viaaal  t»j  ej^  ia  directed  to  the  eaatem  edge  of  the  iectioief 
(he  ahadoiT  at  the  planet's  diatanoe.  Within  this  limit  tbe  pb» 
nomeaa  for  the  third  and  fourth  aatellites  are  altogether  aimiUr  li 
tboee  already  explained  io  the  oaae  of  the  firat  and  aeoood  natTlliH 
seen  from  e. 

When  the  earth  ii  between  *  and  «'  no  eolipaea  can  I>e  wiu^aaL 
Thoee  of  the  satellites  are  rendered  inviBible  by  tho  iaterpomtiaa  rf 
the  planet,  and  those  of  the  planet  by  the  iaterpeoitioo  of  iht 
BStelliteB. 


When  tbe  earth  is  at  e*  and  Ji,  the  pheti 

those  manifested  at  e  and  x,  bnt  they  are  ozbihitcd  to  a  diBwa* 
order  and  direoUon.  The  ocealtation  of  the  aalellite  precedea  IM 
eclipse,  and  the  latter  takes  plaoe  to  the  east  of  the  plaMk  h 
Ike  manner,  the  transit  of  the  satellite  preeedee-  the  eeltpaeef  ita 
jdanet. 

The  atadent,  aided  by  the  diagram,  and  what  bus  been  iiijiImiA 
dill  Snd  no  diSonltj  in  tneing  (heoa  and  other  iwmnnqnimiiM 
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8858.  I%mcmaia  predielM  M,  Xinli^  JAnoMat— Tks 
tinier  of  the  occnireiice  of  all  llMMf  MTen)l  phaaonaiM  are  ctlqiw 
\Utd  and  predicted  vilh  tba  ^yalMt  |reowoii,  and  ma;  be  fbnnd 
Holered  in  Uic  Nautical  AloMOiiwk,  with  th«  dugniu  for  moh 
aoDtli,  to  aid  the  observer.  TIm  *4hi  Iom  of  Aur  oeoorrenco  mt 
$rseawioh  Is  ihcro  given,  bo  that  if  th«  tinM  at  wiuob  U>J  of  them 
'in  obeerved  to  occui  in  any  other  pIvM  bs  obnrfed,  the  difbieoee 
,i(aoch  local  time  and  that  ngjetqnd  in  the  Alnueek  will  give 
'^longitodeof  the  place  east  or  «!tBt  of  tin  nwiidiui  of-Ofeeowich. 

2969.  ifoiion  o/  /i!/he  diicoMtpi,  md  itt  vtloeilf  wuqitred  if 
MttKi  of  ihrM  eetifisea.  —  Soon  eftor  the  tnT<iitiM  «  the  telexx^, 
Roemer,  aa  efuioent  Danish  Bstnoomer,  enffV^  >>>  *  Hnee  i^  ob- 
nraligiia,  die  ofajeoi  of  which  ifu  the  ^aemwj  of  the  az^  time 
rf  tiw  tevololjon  of  one  of  these. bo^ea.  eioond  Japiter,  The  mode 
%aUeh:be  jmfo^  to  iBTcatigete  thb  wu,  1^  qwraiiag  the  am- 
flHM'M^Mt  of  the  vteUjtv,  udiutiaiig  the  time  Iptmwi  then. 

now  if  il  were  poaabU  *o  olwem  eooaralel;  the  Doatent  at  whicb 
iHt.  wtpffl't  Tr"Vj  tf*'^  0M)h  revqhitiiia,  either  rater  the  sbedow, 
pt,  iw»m  fimn.  it,  (he  internl  Of  time  between  theea  events  would 
fM^ils  ■■  to  fliiaolalii  ezaetly  the  velocity  and  motion  of  the  satellite. 
Il  HM^  thqn,  ip  tUt  manner  that  Boemer  pn^waad  to  uoertun  the 
aelini  of  the  aptdiile.  Bnt,  in  order  tp  obtau  this  eelimate  with 
IhejinU'Wt.  pQinbliB  preciuon,  he  frafa^  to  oontiDiie  hia  observa- 
tiaa«  te  esTrail  qiiKitha.  '  *^^ 

Let.  M,  4en,  wi^nee  tha^  we  have  obunndve  time  whioh  haa 
dqnd  beliwM  two  sncoesdve  eclipsee,  iM^tfaat  this  time  is,  for 
^awnle^  lbrtj4bree  honn.  W!e  ought  to  upeot  that  the  eolipw 
wgija  leanr  ifter  tlie  lapse  of  ever;  aaooeaiive  period  of  forty-three 
h««M. 

bwijae,  thw, » table  to  be  eompnted.  in  which  w«  abalt  oalonlate 
ari'  i^jiater  before-hand  the  moment  at  whidi  eveiT  meceariva 
ai^MI  of  the  MtelUte  for  twelvo  montha  to  eome  ahall  ooenr,  and 
hlfmaeewe  that  the  earth  is  at  a,  at  tbe  oommeiwemeirt  of  om 
nhmialiiiHa,  wt  ahaQ  Uteo,  aa  Boemer  did,  obaem  the  moment* 
al  phiiah  iha,  eoHpaea  oeonr,  and  compare  them  with  tiie  momenta 
m'rtiWli  in  the  table. 

l«fc  Ae  eaith,  at,  the  eemmenoement  of  these  obaarvations,  be 
lliuilill  at  i|  J^-  760,  where  it  is  nearest  to  Japiter.     When  the 
eiHi  liii  iiiml  lo.^,  it  will  be  fonnd  that  the  ooonrrenoe  of  tbe  ■ 
ttlifmM  a  ttHa  laitr  than  tba  time  n^iatered  in  the  table. 

.  a&tba  OKth  movea  from  l^  towarda  x"',  the  aotnal  ocoDireDce  of 
B.ia  man  and  more  retarded  bejond  the  time  of  iu  oom- 
oe,  nntil  at  ^,  in  ooojanction,  it  >■  found  to  oceor 
'  mlH  later  dun  the  oalcnlaled  time, 
a  aooh  aa  tbeae,  Boemer  waa  atnuk  with  tbe  &ot 
WM  of  tbe  maliptes  proved  in  mer;  oaw  to  ^» 


XI  iiOTld  It  )M  OMvte  iim  fiii  t^s  aisi 
MB  BMBe  emn  of  U*  ahmwllua*;  bur,  if 
tarn,  it  night  ba  expe«ted  fhat  .As  imdU  wtnld  bciraj  that 
hregnlaritj  whieh  n  alwtj*  (Im  «bn*elar  ef  such  ern>r:<. 


:w'. 


•  ptacHlM  1 

,  Uun  the  d 


I  MmetimM  etriier,  uun  the  cbMrved  timi^,  »nd  i^  it 
imali  ba  later  and  earlior  to  as  imgdar  extent.  Oa  the  emttii;^ 
It  was  olnerTed,  that  wliUe  the  auth  soved  from  e  to  b",  Ihi 
obaemd  tine  waa  ooDttnndlj  later  tbea  tte  predicted  tim*,  lal, 
noieorer,  that  die  interfal  hj  vUtk  it  was  later  coDiiniulljnJ 
l^olari;  iiMtHbed.  Hda  WM  ta  efta^  then,  too  regalar  tai  e» 
riatent  to  be  aappoaed  to  ariaafton  die  eaaial  errors  of  nbsemiioa; 
it  nut  fakve  ila  orinii  in  aone'phpiial  amne  of  a  regalar  kind 

Tlie  attention  of  Aoener  beiog  tbu  itttacied  to  the  <)uestiM,bt 
datemined  to  pwaiu  tfca  innatigatioB  bjooDiiDuing  to  ohsen*^ 
edipaea.  ^me  ■eoordinglj  roUed  on;  ukl  the  eartfa,  tnsfpcwtnf 
the  aMrottonMr  iritli  it,  moved  from  1^  to  tf . 

It  waa  now  fbond,  that  thoo^  the  tinn  oboeired  «ru  later  tbn 
Um  eompotad  time,  it  waa  not  w  mneh  ao  as  at  e"'  ;  aod  ■■  Ik 
earth  again  approadted  oppoution,  the  diftrenoe  becMiN  itm  tat 
leas,  until,  on  arriTiDg  at  x,  the  position  of  opposition,  the  otnarNd 
eelipse  agreed  in  time  exaotly  with  the  oompuiatioD. 

From  this  coune  of  obaervation  it  became  apparent  thxt  Hie  lil» 
nesa  of  the  eclipaa  depended  altogether  on  the  increased  duMN 
of  the  earth  from  Jnpiter.  The  greater  that  distance,  the  later  wn 
the  oconrrenoe  of  the  aelipw!  as  apparent  to  the  obserrcra,  awl  n 
ealonlating  the  change  of  dittanoe,  it  waa  found  that  the  delajd 
the  eolipse  wag  exactly  proportional  to  the  iocreaao  of  the  eulk'i 
distance  from  the  place  where  the  eclipse  oocurred.  Thn,  vhii 
the  enrtb  was  at  e"",  the  eelipse  was  obeerved  diteen  minuMv* 
about  1000  seoODds,  later  than  when  the  earth  was  at  x.  Tb 
diameter  of  the  orbit  of  the  earth,  xe",  measuring  ahoat  m 
hnndred  millioDs  of  miles,  it  appeared  that  that  di«tanoe  proJid 
a  delay  of  a  thoDsand  scooods,  which  was  at  the  rat«  of  two  boBiM 
thonsaad  miles  per  second.  It  appeared,  then,  that  for  eTieij  m 
hundred  thoasand  miles  that  the  earth's  distance  from  Jopiter  W 
increased,  the  observation  of  the  eelipse  ma  delayed  one  Beaand. 

Snch  were  the  facts  which  presented  themaetves  to  Rocnier.  Hal 
were  they  to  be  explained  f  It  wonld  be  absurd  to  sappcwe  ihtt 
the  aotoal  ooonrreDce  of  the  eolipse  was  delayed  by  the  idm— d 
distance  of  the  earth  from  Jnpiter.  Theae  phenomena  depend  «i^ 
on  the  motion  of  the  satellite  and  the  poeitioQ  of  Japiter'a  A^fi 
and  bare  nothing  to  do  with,  and  can  have  no  dependence  M.  il 
poMdoD  or  motion  of  the  earth,  yet  nnqneationably  the  line 

rMT  to  ooDur  to  an  obaerrer  optHi  the  ear^,  baa  a  * 
diataaoe  of  the  earth  fron  Jn^ler. 


aaupsn,  tKJkmfm  4MB  .ocouLTATioirB.         4Ai 

[b  mAf  ihit  difioulljj  the  btp|iy  idea  oeoiurrid  to  BoevMr  Ihti 
"-ficNMii  at  wUoh  we  aee  the  eztioetioo  of  the  selellite  hj  its 
mM  into  the  shadow  is  noti  in  any  oaso,  the  very  moment  at 
jih  dint  event  takes  plaoe,  bnt  sometime  afterwanJ,  Tii.,  soeh  an 
flhlSaf  ne  Is  soQeient  for  the  light  whiofa  left  the  satellite  jnst  hefbre 
^  *  ~on  to  Teaeh  the  eye.  Viewing  the  matter  AnS|  it  will 
t  that  the  more  distant  the  earth  is  from  the  satellite, 
will  be  the  interral  between  the  extinction  of  the  satel- 
the  arrival  of  the  last  portion  of  light  which  left  it  at  the 
l&f  1i^  the  moment  of  the  extinction  of  the  satellite  is  that  of 
t  sBuiiiMiieemcint  of  the  eclipse,  and  the  moment  of  the  arrival  of 
I  &^  ai  the  earth  is  the  moment  the  commencement  of  the 
■■a  M  (Hiasivea. 

CH#  BoeaMfi  with  the  greatest  felicity  and  saccess,  expfadned 
>■  tbarejanfij  between  the  calcnlated  and  the  observed  timea  of 
iiAfi^:  Dot  he  saw  that^ these  oircnmstanoea  placed  a  grsat  dia- 
Wkjr  tft  Us  band.  In  short,  it  was  spparent  that  light  is  ptopa^ 
M  thnmglh  space  with  a  oertain  definite  speed,  ud  thiU  the 
Aimblnesa  we  have  jnst  explained  supply  the  means  of  measoring 
*  tidodty. 

W«  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one 
and  mote  for  every  two  htfndred  thousand  miles  Uiat  the  earth's 
danoe  from  Jnpiter  is  increased,  the  reason  of  which  obvfonslv  is, 
il  light  tskes  one  second  to  move  o'Vi^  Jfept  space;  hence  it  is 

I  mpi-- 


that  the  velocity  of  light  is  at  the  wiyin  round  numbers, 
two  hundred  tBonsand  miles  per  second.. 
Bf  more  exact  observation  and  calculatimi  the  velocity  is  found 
m  192^000  miles  per  second,  ^he  time  taken  in  crossing  the 
rttj^oihit  beng  16ro.  26*68. 

IMO.  Mdip^n  of  Saturn's  tateUitn  not  dbservaUe.  —  Owing  to 
>oUiq;iiity  <rf  the  orbits  oi  the  Saturnian  satellites  to  that  of  the 
%mrj^  eenpoes  only  take  place  at  or  near  the  equinoxes  of  the 
iiia%  Ae  satellites  revolving  nearly  in  the  common  plane  of  the 
•ad  the  ring.  When  they  do  take  place,  these  eclipses  are 
"t'of  observation  as  to  be  practically  useless  for  the  detei^ 
cf  longitudes,  and  have,  consequently,  received  but  Uttla 


IY«  Transits  of  thx  iNrsRion  planets. 

SjMl.  OondUioiu  which  determine  a  (rapjnlt,  —  When  an  inferior 
H|tl»  being  in  inferior  coDJunction,  b^as  a  less  latitude  or  distance 
pi  Im  eeliptie  than  the  sun's  seroj-^lianieter,  it  will  be  less  distant 
i|a  Ae  son's  eentre  than  such  semi-diaiveter,  and  will  therefore 
jdHw  the  juo's  disk.  In  this  case,  the  planet  being  between 
ft^Mktti  and  the  ran,  its  dark  hemisphere  beinff  tum^  towards 
s'laMiy  it  will  aji>peftr  projected  upon  the  suns  j^  ifk  aa  m- 
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imAjVlaA  i6anA  s^  The  appirea%»«(Baa  <ifll>»'yWiilfc^ 
dMn  ntrognde,  it  will  appear  bi  mom  acron  tLe  di^  ^  the  Mi 
fnim  <Mt  to  WMt  in  ft  lioe  eeaaiblj  parallel  to  Uie  eeliptjc 

Sndi  ft  phenoncDDQ  is  called  a  TRAtiBlT,  aod  u  it  can  onlj  idit 

KB  mtlt  pluiats  Hhioh  paaa  between  tho  e&rth  kod  sdh,  it  a 
ted  to  Tson  and  Mercury. 
NotwidwtBnding  the  veiy  small  obliqnitr  of  tlie  orbits  at  tba 
plkliela,  U  b  endent  that  traosits  can  oni;  take  place  when  di 
planet  ts  vithin  an  ezlreindT  bdhS 
'  diatance  of  ita  node.     Let  k  be  tW 
-  node.  Jig.  811,  a  the  cetitre  of  tk 
Bun's  disk  on  the  ecliptic,  at  tha  <fr 
llf,-Slt.  tance  si  from  tho  node  at  which  A* 

edge  p  of  the  diak  just  toad)«  iht 
orint  Re  Af  tin  planet.  It  ia  evident  that  a  trnoEit  can  on);  nit 
piaet  when  tha  buub  centre  Is  at  a  less  distance  thas  n  i  tnm  tfca 
liods. 

^■et  6  UJUUM  the  obliquiCj  ;>  n  a  of  die  {danefa  orbit,  lie  mat 
tahw  (rf  tho  Noi-diameter  *  v  of  the  enii  beini;  16'  or  0°'S66,  n 
diallbm(2294:) 

..=  0=266  x^-Ii  =  ^i!i*. 
o  o 

Tlw  obliqni^  of  MenuT^'a  orbit  being  7",  we  dull  ban 
aod  that  of  Venos'  orbit  being  Z'-Sd,  we  shall  have 

»-=w'  =  ^-'  =  ^-.. 

Thus  tbe  distttnoes  from  the  node  within  which  tbs  buml*  lib 
place,  the  planet  being  in  conjanctioD,  &re  2°  11'  for  Uwnrr,  al 
4''80'forVenna. 

2962.  Intervals  of  the  occvrrrtce  of  trantitt.  —  The  traiuiti  J 
Herenr;  and  Venua  are  phenomena  of  rare  ooonrrence,  eepedillf 
diOM  of  Venna,  and  thej  ore  separated  hy  rerjr  aneqtul  intcmla 
The  following  are  tbe  dates  of  the  successive  tranails  of  HerenrT 
daring  tbe  latter  half  of  the  present  centnr;  : — 

1845 May  8. 

1848 Not.  9. 

1861 NoT.ll. 

1868 Nov.  4. 

1878 May  6. 

Thow  of  Venna  occur  only  at  intervals  of  8,  122,  8;  1Q6,  8, 12^ 
to.,  years.  Two  oolj  will  lake  place  in  the  present  oenKirr~> 
1874  and  1882.  ' 


9  OOOtTLTATICUfi.  M» 

2963.  Tkr.  mif'i  Jittantx  dttm-mJutit  ly  ilu  Inttmt  tf  FAnu. — 
Tbe  tnDsita  of  VeauB  have  Mqnired  MneOM  intatw*  and  import 
tDCp,  from  tbe  ciixuaistiiDcc  rf  tfa^  upidyiiig  data  by  which  tba 
tno'9  dislaDCQ  froio  tbe  earth  van  be  determiaod  with  &r.grea[«r 
precisioa  than  by  an;  otber  known  matbod.  The  transita  of  Mei^ 
enry  would  supply  likt:  data,  bat  owing  to  the  graaler  diatanca  of 
that  planet  from  the  earth  when  in  inferior  orajmietioD,  the  con- 
ditiona  affcctiDg  the  dab  are  not  Marlj  so  &TOvnibU  U  dioao  rap- 
ped bj  VcDua. 

The  delaila  of  Ibis  celebrated  problem  art  nneb  too  eomplicated, 
■id  involro  c&lcaktioiis  too  long -and  btrioale,  to  admit  of  beiog 
lU^  eiphuDed  bere,  but  there  ia.  no  diSonJt;  in  rend«ii^  the  prin- 
^te  and  spirit  of  the  solution  intelligible. 

It  will  be  obtjcrred  that  allhouh  Uie  ezaot  daUnniBatiixi  of  the 
■Jiiolato  distances  of  the  p laneta  mw  the  ana  be  ettended  with  aome 
difficalt}',  there  is  dodc  10  the  detenuaatian  of  tboMilatire  di»' 
tuices.  The  obeervatioo  of  their  qrnodie  motioni,  wbieb  may  be 
Bade  with  great  precision,  suj^iea  the  data  neoeaaerj  fbr  the  aoln- 
tHn  of  this  probleiu  (-2&E»3),  and  H  is  tfana  aaeertrined  thst  tbe  dis- 
tances of  tbe  eariii  und  Venus  from  tbe  ran  are  in  (hentio  of  1000 
to  723. 

It  follovs,  therefore,  that  irben  Tentia  is  directly  interposed  be- 
tween the  earth  ud  aon,  as  she  alwaya  most  be  whan  a  toannt  tehee 
dbee,  tbe  ntio  of  her  dulaooea  frgn  the  <rfrii  and  sna  is  that  of 
Jn  to  728. 

Let  T,  fig.  812,  represent  the  place  of  tbe 
planet  at  conjanotioQ,  and  let  a  a  aad  S  d'  be  two 
Uaes  tahen  at  right  angles  to  the  plane  of  the 
eeliptjo,  and,  therefore,  to  the  direction  of  the 
planet's  notwa.  The  planet  V,  viewed  from  any 
points,  soohup  aody,'npon  the  liae  a^,  will  M 
seen  as  piojeoted  on  ooTTeapoDding  points  P  and  t/ 
of  the  line  s  s'.  Now  it  u  evident  tiut  the  £s- 
tanca  between  the  points  P  and  p*  will  bear  to  the 
ifiit'T'li"  between  the  points  p  *<"^  y  ^^  nxn* 
Ytjaa  as  tp  boars  to  To,  that  is,  7m  to  277,  or 
2«ltoL 

If,  thereferej  the  diatanea  between  the  points 
ptxAff  npon  the  earth  be  known,  or  can  be  as-' 
oertained  (^wbich  it  always  may  be),  the  distance 
between  the  oorre^ondiag  points  p  and  p*  on  the 
sua  will  be 

PP'=i.yx2-«. 
If  the  pMuls  r  and  p'  were  visibly  marked  npoa 
a«JBivfetfaBt(beMpanntd)stBiimbBt«««kwak 
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ooald  be  exiotlj  VMtmnd  whk  die 
l'^  al  the  Bon  woaM  ba  uomttSmtd ;  tar  it  m 
the  ftppaient  distenoe  between  P  end  v^  that 
bave  for  the  linear  Talae  t  of  1'^     . 


V«heBaoHrvdMrf 
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'    Supplied  with  this  datnm^  the  diataiwe  d  of  the  ana  ftoM  fi 

earth  would  be  (2294) 

rf=«£^ilMx  20626B. 

If  the  plaoea  of  obeerfatioDpandj/be  nol  plaead  wpeimin 
at  right  angles  to  the  eeliptw,  ita  pmeetion  on  aneh  %  Hm  mk  h 
aaeertained  by  oonpotationy  and  may  be  anhadtated  ibr  it 

It  b  evident,  therefbre,  that  Ae  proUen  la  vadneed  to  ttadM^ 
mination  of  the  apparent  ande  anbtended  at  the  earth  bj  the  tM 
pointa  of  the  sun's  disk  p  and  p^,  upon  whidh  the  planet  ia  pnjsiy 
when  viewed  from  the  two  plaoesp  and  i/  npon  the  earth. 

But  rinee  the  black  spot  formed  by  toe  prqieetion  of  the  |lwl 
is  in  oontiDual  motion  on  the  disk  of  the  sun,  it  would  be  mjuA 
cable  to  determine  its  position  at  any  given  moment  with  theoMiii 
of  precision  necessary  to  compare  observations  of  this  delicate  kU 
made  at  distant  places  on  the  earth.  Besides  which,  to  render  tki 
observations  made  at  precisely  the  same  moment  of  abadnte  tiai 
comparable,  it  would  be  necessary  that  the  difierenoe  of  the  Vmff' 
tndes  of  the  stations  be  known  with  a  degree  of  preoiaioa  not  attuh 
able  under  the  circumstances. 

A  happy  expedient,  however,  has  been  imagined  by  whiA  da 
difficulty  has  been  effectually  surmounted.  It  will  be  remembari 
that  the  moUon  of  the  planet  y  is  at  right  anglea  to  the  plaae  d 
the  diagram,  and  therefore  to  the  line  8  8'  supposed  to  be  diavi 
upon  the  disk  of  the  sun.  The  apparent  paths  of  the  prtjeeliaii 
p  and  F^  of  the  planet  on  the  sun's  disk  will  therefore  be  iks  it 
right  angles  to  this  line  ss',  and  parallel  to  each  other,  ben^ii 

fact,  both  parallel  to  the  ecliptic 

Let  8  f^,fig.  813,  represent  the  disk  of  theiV 

which  is  at  right  angles  to  the  fioe  joiuBf  ill 

earth  and  planet  with  the  sun's  centre,  and  ttot- 

fore  to  the  plane  of  Jiff,  812.     Let  p  and  I^,  Jf 

813,  represent  two  points,  upon  which  the  pliMt 

is  simultaneously  projected,  as  viewed  froa  f 

and  p'yfff.  812.     Let  s  s",^.  813,  be  thitfr 

Fig.  813.         amcter  of  the  sun's  disk  which  ia  in  the  plsae  d 

the  ecliptic.     The  apparent  patha  ef  tte  |i^ 

jeotions  of  the  planet  on  the  sun's  disk  will  be  parallel  to  ai^vl 

will  therefore  be  mn  and  m'n\    Now,  if  the  planet^  aa  il 
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VOTB  to  laa^  ft  pemumeiit  mark  upon  the  disk  of  tho  son,  indicating 
tke  line  ita  prajeetion  followed,  seen  from  each  place,  it  wonld  be  an 
«aj  matter  to  maaanre  the  apparent  .diatance  pp^  between  these 
fiDMy  ftiid  thna  aoWe  the  problem.  No  anch  permanent  mark,  nor 
any  other  wibla  indication,  however,  exiata. 

The  aynodic  motion  of  the  planet,  that  ia  to  aay,  ita  motion  rela- 
tirelj  to  the  ann,  however,  being  computed  and  known  with  the  ut- 
moat  preciaion,  thia  motion  haa,  with  (he  greateat  felicity  and  ano- 
eeaai  been  mied  aa  a  meana  of-  eatimating  the  diatanoea  between  the 
ehoffda  m*  and  ni'ii^  of  the  ann'a  diak,  along  which  the  pknet  ap- 
paan  lo  move.  .  The  time  taken  al  each  place  by  the  planet  to  move 
•far  the  ehoida  mn  and  Wn'  beinff  exactly^  obaerved,  and  the  rate 
af  the  apparent  motion  of  the  j&net  beinff  exactly  known,  the 
■nmber  of  aeoonda  in  each  of  the  chorda  can  he  aacertained.  Rrom 
Ihaai  ilata  the  length  of  vi/  may  be  computed.    We  ahall  have 

ne  ffialaaeea  ev  and  cp^  being  thna  determined,  their  difference 
will  te  P  V^i  which  will  therefore  be  known. 

To  defivmine  with  the  neoeaaary  preciaion  the  dnration  of  the 
tiiiiil  ai  eadi  place  of  observation,  ft  ia  necesaary  to  aaeertain  the 
eoel  aqnent  at  whidi  the  centre  of  the  phmet^a  diak  eroaaea  the 
fiab  ef  ibe  ann  at  the  beginning  and  end  oMie  tranmt;  but  aa  the 
eentn  of  the  planet'a  dic£  ia  not  marked  by  any  viaibb  or  diatin- 
ndabal^  pdnt,  thia  cannot  be  directiy  obeorved.  It  ia  ascertained 
Dj  noting,  aa  predaely  aa  possible,  the  timea  of  external  and  internal 
eootnet  of  the  planers  disk  with  the  limb  of  the  ann,  both  at  the 
begyining  and  end  of  the  transit  The  middle  of  the  interval  be- 
tween external  and  internal  contact  in  each  caae,  ia  the  moment  of 
the  pawage  of  the  centre  of  the  planet'a  didc  over  the  Umb. 

It  ia  evident  that  the  solution  of  this  problem  indudea  the  deter- 
.minntion  of  the  horiiontal  parallax  of  the  aun;  foft  the  linear  value 
ef  1"  at  the  sun  aa  seen  rrom  the  earth  ia  the  aame  aa  the  linear 
valne  ef  l'^  at  the  etrth  as  seen  from  the  sun.  By  the  method  just 
explained,  thia  ia  found  to  be  at  the  mean  distance,  466  milea,  and 
nee  the  horiiontal  parallax  k  of  the  sun  is  the  angle  which  the 
aani-diameter  ci  the  earth  aubtends  at  the  sun,  it  ia 

''-166-^^ 
end  Hw  dktance  itself  of  the  son  is 

d  »  206265  X  466  =:  96,119,490  miles. 

In  the  pnetiaal  application  of  thia  method,  Various  ciroumstanoea 
ne  taken  into  aeooont^  anch  aa  the  effects  of  the  diurnal  TotSL^kiii  tC 
thneirtf^lK 
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2964.  OeaiiUUumdeJimei,  —  YnimwnjpaimllM 
excepted,  is  oonoealed  by  the  mtoqxntioa  of  anoliier,  it  k  aid  tok 
occvLTKD,  and  the  phenomenon  k  eelled  ocxnn/rATioii. 

Striotly  speaking,  a  sokr  ecKpae  k  an  ooooltation  of  tiie  aoa  ly 
the  mooD|  but  usage  has  pven  to  it^  bj  exeep(ioD|  the  Dans  of  m 
eclipse. 

2966.  OceuIiationM  h^A$  motm. — Tibe  pbenoneni  of  fihm  ftm, 
whidi  possess  greateit  astronomical  inlnrsat^  are  thoae  of  slais  sal 
iiluketa  by  the  moon.  That  bodjr,  meaanring  nboot  half  a  degM 
in  diameter,  moves  in  her  monthly  eoniao  so  na  to  oeook  Sfsj 
otjeot  OB  the  firmament  whidh  k  inohded  in  a  noo  eKtaadiagtss 
oparter  of  a  degrse  at  eaoh  side  of  the  apparent  path  of  her  snka 
All  die  stars  whose  pisoes  Ik  in  thi^Mtoe  ana  aneoaaaifsly  ouusU^ 
and  disappearances  and  reappearances  of  the  mora  oonapionons  oai^ 
as  well  as  those  of  the  pknets  whkh  may  be  foond  withk  Ik 
limits  of  the  same  lone,  present  some  of  the  most  striking  dkli 
which  are  witnessed  by  observers. 

The  astronomical  amateur  will  find  in  the  Nautical  AlusMeka 
table  in  which  all  the  priocjpal  occoltations,  bo^  of  stsis  aid 
planets,  are  predicted. 

The  disappearance  takes  place  always  at  the  limb  of  the  mooa, 
which  is  presented  in  the  direction  of  its  motion. 

From  the  epoch  of  full  moon  to  that  of  new  inoon  the  mooa 
moves  with  the  enlightened  edge  foremost,  and  from  new  moon  to 
full  moon  with  the  dark  edge  foremost.  DuHng  the  former intervd, 
therefore,  the  objects  occulted  disappear  at  the  enlightened  edgi^ 
and  reappear  at  the  dark  edge,  and  daring  the  latter  period  fiiej 
disappear  at  the  dark,  and  reappear  at  the  enlightened  edge. 

The  disappearances  and  reappearances  when  the  moon  k  a  CM* 
cent  are  especially  remarkable.  If  the  disappearanoe  take  plaM 
at  the  convex  edge,  notice  of  its  approach  is  given  by  the  vviUi 
proximity  of  the  stAr,  which,  at  the  moment  of  oontaot,  k  saddtalf 
extinguished.  Its  reappearance  is  more  startling,  for  it  aeems  to  k 
suddenly  lighted  up  at  a  point  of  the  firmament  nearly  half  • 
degree  from  the  concave  edge  of  the  crescent.  If  the  dlaapwl^ 
ance  take  place  at  the  dark  edge,  it  is  much  more  striking ;  Al 
star  appearing  to  '*go  out"  of  itself  at  a  point  of  the  aky  wkn 
nothing  interferes  with  it. 

The  moon's  horizontal  parallax  amounting  to  nearly  iwies  ii 
diameter,  the  part  of  the  firmament  on  which,  it  is  projeeted  sal 
which  is  its  apparent  place,  differs  at  different  parts  of  the  sailh 
In  different  latitudes  the  moon,  therefore,  in  the  eonraa  of  At 
month,  appears  to  traverse  difierent  zones  of  the  fii  niaintiet,  ni 
oonsequently  to  occult  different  stars.    Stars  whiok  an  osenMl  k 
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wrtftiii  latitadM  are  Dot  oooulfeed  mi  all  at  otbersy  and  of  those  wbioh 
•re  ooeoltedy  the  durations  of  the  osenltations  and  the  moments 
aad  fdaoes  of  disippearanoe  and  reappearance  are  different 
To  nnder  this  more  intelligiblci  let  M  s^Jig.  814,  represent  the 

earthy  ir  being  its  north,  and  s  its  south 
pole.  Let  m  m'  represent  the  moon,  and 
m*  and  W*  the  direction  of  a  star  which 
is  ooonlted  by  it  It  must  be  obsenred, 
that  the  distance  of  the  star  beinff  praoti- 
eallj  infinite  compared  nith  the  diameter 
of  the  moon,  the  lines  m*  and  si^  are 
parallel.  Let  these  lines  be  sopposed  to 
be  eontinned  to  meet  the  earth  at  /  and  f. 
Let  similar  lines,  parallel  to  these,  be 
imagined  to  be  drawn  throoch  all  points 
of  a  seotion  of  the  moon  macM  by  a  piano 
at  right  angles  to  the  direction  of  the  star 
passing  through  the  moon's  centre.  Such 
lines  would  form  a  cylindrical  surface,  the 
base  of  which  would  be  the  section  of  the 
moon,  and  it  would  be  intersected  by  the 
surface  of  the  earth,  a  portion  of  .which 
would  be  included  within  it,  one  half  of 
which  is  represented  by  the  darkly  shaded 
part  of  the  earth  between  /  and  f.  It  is 
clear  that  the  star  will  be  occulted  by  the 
moon  to  ail  observers  situated  within  this 
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'  While  this  cylindrical  space  is  carried  by  the  moon's  orbital  mo- 
tkm  from  west  to  east,  the  surface  of  the  earth  included  between  the 
panllab  of  latitude  In  and  f  n',  is  also  carried  from  west  to  east, 
Ml  miwh  more  rapidly,  by  the  diurnal  rotation,  so  that  the  places 
tstWieeD  these  parallels  are  continually  overtaking  the  cylindrical 
apMa  which  limits  the  ocoultation. 

It  is  ei^dent  that  beyond  I  n  and  T  n',  which  are  called  Uie  <'  limit- 
ing panllels,"  no  occultation  can  take  place.  At  /  and  T  the  star 
is  aoeii  jnst  to  touch  the  moon's  limb  without  beiuff  occulted,  but 
within  those  limits  it  will  be  occulted.  The  middJe  parallel  o  o', 
between  the  limiting  parallels,  is  that  at  which  a  central  occultation 
is  seeB|  and  where  Uierefore  the  duration  is  greatest. 

Tbe-oeeoltation  tnajf  be  seen  from  any  place  upon  the  earth  which 
lies  within  the  shsded  sone,  and  mil  be  seen  provided  the  pbeno- 
nenoD  oeeor  during  the  night,  and  that  the  star  at  the  time  be  above 
the  horaon  at  sneh  an  altitude  as  to  render  the  event  observable. 

Jm  the  KaatiMl  Almanack  these  '<  limiting  paraliela"  tot  «s«t^ 
oeeoltBlkm  are  tahoiated,  as  well  as  Uie  data  u^^oeasax^ 

S8* 


to ntBUa  M obKyner  nt  any  proposed  latitnde  to ncerbun  pwtlai^ 
vhetlKT  any  pu-ticuhr  oetultation  will  be  obsenable. 

2966.  Vrlennlnatmn.  '/  lougiluda  by  lunar  oocwfta^MU.— b 
oonmon  with  all  pbenomem  which  can  bo  exacdj  prediclcd,liA 
wboie  nanifeatatiiio  ia  iDstaDtaneous,  occuttatioDs  of  stais  bjr  ik 
■Kna  an  eminaDiIy  useful  for  the  exact  determination  of  lanpuda, 
Tiw  freqneiMy  of  their  occurrence  greatly  iocienaea  their  iiti% 
Is  lUa  reapoot,  and  although,  for  nautical  purposes,  the  obKnti 
«uiMt  alwaya  choose  hia  time  of  observation,  and  therefore  caiBtt 
be  left  dapeqdeitt  on  them,  they  como  in  aid  of  the  tauar  molluil  ■ 
variAeations;  and  for  geographical  purposes  on  lend,  are  amonxlhi 
belt  meaits  which  ecience  has  supplied.  The  times  of  (ha  £n^ 
naaiinnn  and  'reappearanec,  as  ohserred,  being  compared  witt  tM 
'{hMDvieh  (iDMs  tabokicd  in  the  NsBticat  Almanack,  the  dilfercHc 
«f  the  loontndeB  is  inferred  after  applying  the  neceseiarj  comctJNa 

2867-  XfceiMafiimt  intiicale  the  pretenct  or  a&cnare  eif  an  ata*' 
apA««  MiMmd  the  ocmltinif  lodj/.  —  When  a  star  ia  occulted  I7  tki 
&k  of  tl^e  moon  or  planet,  its  brightneas,  prcvioosly  to  it«  £»^ 
peannos,  would  bo  more  or  leas  dimmed  by  the  atmoepfaere  m^ 
rounding  such  object,  if  it  existed.  Sach  a  gradual  decrmse  of 
brightness  previously  to  disappcurance,  as  well  as  a  like  ine^taatd 
trngbtnees  after  renppearance,  is  observable  lu  occnltaiions  by  tbc 
disks  of  planets,  but  never  by  the  disk  of  the  raooo. 

It  is  hence  inferrcil  thot  the  planets  have,  and  the  moon  haoe^ 
an  atmosphere. 

It  night  be  objected  that  the  lunar  almosphcro  may  not  kn 
miffioient  density  to  produce  any  sensible  diminution  of  bri^tOM 
Another  test  has,  however,  been  found  in  the  effect  which  ibtn- 
fraction  of  an  atmosphere  would  have  in  decreasing  the  dnndiH  rf 
an  occultation  (2483).  No  such  decrease  being  observed,  it  ii 
inferred  that  no  atnioapbere  exists  around  the  moon. 

2i»68.  Singu/ar  visibUity  of  a  star  after  iht  commmcrmail  if 
oeevllatioti.  —  Some  observers,  of  sufficient  weight  and  authorilfli 
command  generul  confidence,  have  occaHonally  witnessed  a  pbcw- 
menon  in  occultiitiana  which  has  been  hilherto  UDexplained.  A^ 
cording  to  tbcm,  it  sometimes  happens  that  after  the  occidted  ■> 
has  passed  behind  the  limb  of  the  moon  it  coDtinucs  to  be  Mca,a' 
even  for  a  considerable  time,  notnilhstandiug  the  aotoat  nfei^ 
siUon  of  the  body  of  the  moon.  If  this  be  not  an  optical  Wm^ 
and  if  the  visual  rays  actually  come  straight  to  the  obBeT«cr,A9 
inuat  pass  through  a  deep  fissure  in  the  moon.  Such  a  lapftMB 
is  compatible  with  the  rare,  and  apparently  fortoihnu, 
of  the  phenomenon. 

2969.  ^gifeslffl  appiii-ation  of  lunar  oemiltationi  to 

rfouW*  rtors.  — Sir  J.    Herschel    thinks  that    tbeaa   oeca. 

would  supply  means  of  ascertaining  the  doublo  ofaanMMr  (f  >■■ 
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Anil  the  mdhridnib  mvpeeted  to  oompose  whieh  m  too  eloie 
ogetlier  to  be  divided  by  any  teleiNiope.  He  thinksy  neverthelessy 
W  tbey  might  dinppetr  in  peroeptible  ancoessioii  behind  the 
4g9  of  the  moon's  disk.  It  does  not  seem  to  be  easy  to  oonoeive 
lov  aooh  an  e&ct  can  be  expeoted  in  a  ease  where  the  most  pow- 
ifbl  tateseopei  haTe  Med  to  resolve  the  stars. 

nrO.  OceukaHmi$  fty  Satum*8  ringi. — In  the  ease  of  stars 
Bsdlod  by  Batnm'a  ringSi  a  reappesmnee  and  seoond  disappettrance 
lajba  seen  in  the  open  spaee  between  the  ring  and  thA  phaet  It 
as  been  aflfamed  also,  th^t  a  momentary  reappearasee  of  a  star,  in 
hia  qwoo  whieh  intervenes  between  the  rinf^  has  been  witnessed. 
Us  ohaerfation  does  not,  howeyeri  seem  to  have  been  repeated^ 
IBlpitbstanding  th»lreoent  improvementa  in  the  teleaooMt  isA  the 
BOTBMed  nnmoer  of  observers.  The  passage  of  the  imet^  in  a 
jnoDimfale  phase  of  the  ring,  through  the  neighbonrhood  of  the 
jriKj  wa^i  which  is  so  thioUy  strewed  with  stan^  would  afiM  an 
ijppdrtnkuty  of  testing  this,  and  might  also  supply  precise  evidenoe^ 
MisitiYe  or  negAtivCi  upon  the  question  of  the  existence  of  more  than 
90  oooeentrio  rings.  If  other  black  streaks  seen  upon  the  surface 
i  the  ring  be,  like  the  principal  one,  real  openings  between  a  mul- 
yie  miem  of  ringSy  the  stars  sprinkled  in  such  countless  numbers 
ifer  the  r^ons  of  the  galaxy,  and  the  adjjscont  parts  of  the  firma- 
aenty  wonld  be  seen  to  flash  between  rins  and  ringi  as  the  |danet 
■■en  befcne  Uiem.  Such  observations,  however,  would  require  in 
ho  teleioope  the  very  highest  attainable  degree  of  optical  perfection. 


CHAP.  XVII 

TABULAR  8TN0P8IS  OF  THE  SOLAR  SnrSTXM. 

8971.  JPtoiieteiy  data.  —  Havioff  explained,  individually,  the 
■leninatanees  attending  the  physical  condition  and  motion  of  the 
Mias  of  the  system,  it  remains  to  bring  them  into  juxtaposition, 
(ft  ijew  them  ecJleotively,  and  to  supply,  in  tabulated  forms,  those 
annerieal  data  which  at  any  gi?en  time  determine  their  positions 
sad  motions. 

•  flndi  datn  may  be  resolved  into  three  classes :  — 
L  Those  which  determine  the  orbit 

.:]!.  Those  which  determine  the  place  of  the  body  in  the  orbit. 
•TIL  Thoea  which  detcormine  the  oonditions  which  are  independent 
•lA^ocUt 


'.  . 


411  JMBOKOIRi  

L  JDola  idUdk  AesrmttM  A«>bnis  mo^rI^^ 

cMu  of  the  piaiutM. 

2972.  Ibrm  of  the  or&d  tkiermmed  hy  As  eeosMiriei^.'^hM 
well  understood  (2606)  that  the  Ibrm  of  an  ellijpM  dapeDdtoa^i 
eeoentrioitj ;  all  effipaea  with  the  aanie  eooentnoiljy  hommr  A|f 
may  differ  in  magnitnde,  having  the  aanaa  Ibnn. 

Let  a  =  the  mean  diatanoe,  e  =s  the  diatanoa  of  ihetmtmd 
die  orhit  from  the  eeatre  of  the  anni  and  e  ss  the  aoaanUii'ilf.  Si 
ahall  then  have  * ! 

e  sa  —,  e  =  a  X  e.  ^j; 

a 

The  Talnea  of  e,  in  the  eaaea  of  all  the  prineipal  plaael^fc 
eory  ezeepted, are  kaa  than  ^.  In  the  ease  of  Heraiirj,iliiMl 
^9  and  in  the  laroer  jdaneta  ^V 

la  the  eaee  a  the  planetmdai  the  eeeentrieitiea  are 
great  uid  exceptional  Tariationi  amonnting  in  one  eaM  to  }« 
othen  heiog  leas  than  J^, 

2978.  MagnUmdt  aetermined  2gr  aonMant  mq^.— As 
eccentricity  determines  tbe  form,  the  semi-axis  detenninea  tfio 
nitude,  of  the  orbit  This  qaantity  forms  in  other  respects  a  vay 
important  planetary  element,  since  upon  it  is  dependent  alaoibjlh 
Harmonic  law,  the  periodic  time,  and,  consequently,  the  mesnM- 
gular  and  mean  linear  velocity  in  the  orbiL 

2974.  Position  of  the  plane  of  the  orbit,  —  The  plane  of  lb 
orbit  must  always  pass  through  the  centre  of  the  maip  wbiek  ii 
therefore  the  common  point  at  which  the  planes  of  all  the'planilHy 
orbits  intersect  But  to  define  the  position  of  the  plane  olaMf 
orbit  somethiog  more  is  necessary.  If  the  plane  of  the  sartki 
orbit  be  provisionally  assumed  as  a  fixed  plane  Twhichy  howei«i«i( 
is  not,  as  will  appear  hereafter),  the  positions  of  the  planea  of  tk 
orbits  of  the  planets,  severally,  with  relation  to  it,  will  be  dtloi- 
mined,  Ist,  by  the  angle  at  which  they  intersect  it,  and,  2ndl7,  iy 
the  direction  of  the  line  of  intersection. 

2975.  Inclinations  of  the  orbits.  —  The  angles  which  the  plaaei 
of  planets'  orbits  form  with  the  plane  of  the  ecliptic  are  genenDj 
less  than  8^.  Of  the  principal  planets.  Mercury  forma  an  exeeptiii 
to  this,  having  an  inclination  of  7^.  The  planetoids  are  alao  eaocr- 
tjonal,  the  orbit  of  one  having  an  inclination  of  84^^ ;  the  bitda» 
tions  of  the  others  varjring  between  16^  and  1^.. 

2976.  Line  of  nodes, —  The  inclination  is  not  enough  todcl*> 
mine  the  position  of  the  plane  of  the  orbit,  for  it  ta  evident  tfaalie 
infinite  variety  of  different  planes  may  be  inclined  at  the  aaae  ai^ 
to  the  ecliptic.  If,  however,  the  direction  of  the  line  of  intaneM 
of  the  plane  of  the  orbit  with  the  piano  of  the  eollptie  (whieh  E» 
must  always  pass  through  the  centre  of  the  sun)  be  miio  ~ 
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the  poritioo  of  the  plane  of  the  orKt  will  be  determined.  This 
Kne  of  inteneetion  b  called  the  One  of  nodeij  being  the  direction 
»  which  the  nodes  of  the  planet's  orbit  are  seen  from  the  son.  If 
an  obeerver  be  imagined  to  be  stationed  at  the  centre  of  the  sun,  he 
will  be  in  this  line,  and  the  nodes  will  be  viewed  by  him  in  opposite 
directions  along  this  line,  the  ascending  node  (2625)  being  viewed 
m  one  direcUon,  and  the  descending  node  in  the  other. 

8977.  Jjongiimde  of  ascending  node.  —  It  has  been  cnstomary 
to  define  the  direction  of  the  line  of  nodes  by  the  angle  which  the 
direction  of  the  ascending  node,  seen  from  the  son,  makes  with  the 
diraetion  of  the  <'  first  point  of  Aries/'  or.  what  is  tlTe  same,  by  its 
helioeentno  longitnoe. 

Xhe  pontion  of  the  jplane  of  ihe  orbit  is,  therefbrOi  determined 
by  its  indinaiion  and  the  IcngUude  of  the  cueending  node. 

2978.  Longitude  of  perihelion. — These  data,  howeveri  are  still 
insttfteient  to  determine  the  position  of  the  orbit  They  would  be 
■■Seient  if  the  orbit  were  drcnlar,  since  a  circle  is  symmetrical  with 
lejatiea  to  its  centre.  But  the  orbit  being  an  ellipse,  the  major 
axis  may  have  an  infinite  variety  of  difierent  directions,  all  of  which 
shall  pass  through  the  sun's  centre,  and  all  of  which  shall  be  in  the 
same  plane.  After  defining,  therefore,  the  position  of  the  plane  of 
the  oroit^  it  is  necessary  to  determine  the  positioD  of  the  oroit  upon 
that  plane,  and  this  is  determined  by  the  direction  of  its  major  axis, 
jnsk  as  the  plane  itself  was  determined  by  the  direction  of  the  line 
of  nodes,  and  as  the  latter  was  determined  by  the  heliocentric  lon- 
gitnda  of  the  ascending  node ;  the  position  of  the  ofbit  upon  its 
plane  is  determined  ^  the  heliocentric  longitude  of  penhelion 
(S808}. 

2979.  Five  elemenU  which  determine  the  orbit.  —  The  orbit  of  % 
plnet  is,  therefore,  determined,  in  form,  magnitude,  and  positioUi 
Dj  the  five  following  data^  which  are  called  its  slxIuntb  :  — 

1.  The  semi-axis,  or  mean  distance a 

2.  The  eccentricity e 

S.  The  inclination i 

4.  The  longitude  of  the  ascending  node v 

&  The  loi^tude  of  perihelion k 

The  eooentricity  is  sometimes  expressed  by  the  angle  4^,  of  which 
e  Ml  the  sine,  which  is  called  the  '<  angle  of  eccentricity." 

9980.  dementi  tubjed  to  dow  variation  —  JE^h.  — If  the  ele- 
Bents  of  Ihe  orbit  were  invariable,  they  would  be  always  known 
whM  OBoe  ascertained.  But  it  will  appear  hereafter,  that  although 
for.  tboffi  intervals  of  time  they  may,  without  sensible  error,  be 
HMMNbd  ■•  eonstanti  some  of  them  are  subject  to  slow  variations, 
imAi  rSAnr  kak  intervals^  sudi^  for  example^  as  oenturieS|  com- 
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pletol;  eliktiga  tbe  orbits.  These  TariotionB  kaTo  bMn  < 
vith  Bvpining  preci^ioa,  and  are,  moreover,  fouod  la  fas  p 
slthnigli  tlwir  jKriods  are  io  general  of  Bocb  iinj;Qrai 
nrpui  not  only  the  liuils  of  buniau  life,  but  tltoae  of.f^ 
reoatd. 

SinoC)  Ifaonfin-c,  the  planetary  objects  are  ibas  snl^ 
but  imTtrr*  obugo,  it  is  necesearif  in  BNigning  tfaoT'i 
uugn  alao  the  date  at  which  the  orbita  had  these  elcsM 
the  ntea  at  which  the  eicmeota  severally  vary  ore  let 
nloH  at  aoj  usigned  date  being  givoa,  their  valaes  ml  i&ji^ 
^■t^  Ulterior  or  potitcrior,  can  be  determined. 

Thn  date  at  which  the  oleracnts  of  the  orbits  huve  bu) 
IMiflnni  to  thank  is  technically  called  the  epoch. 
■  2981.  TaiU  <■/  the  elemcitm  of  (he  orbits.  —  !■ 
table  an  giTon  the  elemenls  of  the  planetary  aHrit%  i 
tbtiporin  angbed  io  the  last  column.     Those  of  tb* 
diaeomrad  planets  must  be  regarded  as  proviEional, 
taoh  ueneoboa  as  future  observations  may  suggmL 

Tfae  elemanta  are  tAken  from  the  tables  publislieA  tei 
Board  of  Lon^tude,  with  the  exception  of  thow  0F^ 
disooTend  planetoid  Littetia,  the  elements  of  vAidi 
proTiaionally,  from  those  enlcuUted  by  M.  Geoi^  Hm 
of  Hamburg.     (Comptes  Kcodus  do  I'Acad.  dee  Sa.  %?■ 

810.)  ■     ;i 

To  illostiate  the  relative  mean  distances  of  the  ||IaiMB] 
aon,  and  from    each    other,  wc   have  dcliDc&ied,  nou^ 
-proper  proportions,  the  mean  distancea  of  the  pnacipa) 
the  plonotoida  or  asteroids,  in^^.  815. 

n.  Data  to  determine  the  pTaee  of  lh«  piaaO. 

2982.  Bff  the  eporh  and  the  mean  daif;/  tntttion.  — Tb|.Mi< 
beins  defined  in  magnitude,  farm,  and  p^EiiioO)  it  ii  DoeeMrr'^ 
npiuy  the  data  by  which  the  position  of  the  planet  to  UmV 
aeeigned  time  may  be  fouod.  It  will  be  sufficient  fur  (hb  taapp 
the  position  whii'h  the  planet  had  at  the  EroCD,  nntl  tfae  pNWr 
time,  from  wbioh  the  lucan  daily  motion  of  the  planet  nan  b  vr 
fened.  By  means  of  this  motion,  the  mean  plaou  uf  tha  ptaaH  f'' 
■nv  nven  time  anterior  or  posterior  to  the  cpoefa  can  w  4^' 
Bined. 

2983.  The  equatum  of  Ae  centre.— To  find  tlw  tma  |i#*'' 
Ae  planet,  a  further  correction,  however,  is  neeeMary  'M.-iiaii^ 
Telocity  of  the  planet  referred  to  the  sun   is  Dot  i. 

mateet  at  perihelion  and  Icai^t  at  aphelion.  The  dtSci 
no  poeitioii  which  the  planet  would  have,  as  seen  ftov. 
" ' 'ioo  wojB  uniform,  and  that  nbioh  it  <y-^-»in       — ■ 
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oilled  the  "equation  of  the  oeatn,"  ud  to- 
bies an  eompQl«d  bj  wbiob  this  eorreetitm 
for  Moh  |duet  mij  be  made,  so  tlutt,  ths 
mesn  plsoe  of  the  planet  in  its  orbit  being 
determined,  the  tene  p)ae«  ma;  be  fooiid. 

2984.  Table  of  the  data  necsnafy  to  d»- 
Urviine  the  place  of  (he  planet.  — In  die  fol- 
lowing table  are  ^ven  the  data  which  are 
neoeBBarj  to  determine  the  mean  place  of 


each  of  the  planets  for  any  giren  lime, 
the  firat  oolnmn  is  given  liie  meai^  lonntode 
of  the  planet  at  the  kpooh  ungned  in  Table 


L,  and  in  the  second  column  is  ginn  the 
mean  dailj  increment  of  heliooeotrio  loDgl> 
tnde. 

The  STDKBKAL  PZBtoii,  OT  the  time  which 
the  planet  takes  to  make  a  complete  nrolo- 
tioa  ronnd  the  snn,  is  given  in  dajs  and  jean 
in  the  third  and  fourth  colamna. 

If  the  eqninoc^  points  were  fixed,  the 
sidereal  period  wonid  be  equal  to  the  inteml 
between  two  soooessive  returns  of  the  planet 
to  the  same  equinoctial  poinl.  But  the  eqni* 
nootial  points  are  snbject,  as  will  appear  here- 
after, to  a  veiy  slow  retrograde  motion,  in 
virtue  of  which  the  first  point  of  Arice,  from 
which  right  ssceodons  and  longitudes  are 
measured,  moves  annuallj  from  east  to  west 
upon  the  ecIipUc  through  a  space  a  litde 
less  than  a  degree.  A  planet,  therefore,  de- 
parting from  the  vernal  eqninootial  pmnL 
and  moving  oonatantlj  from  west  to  east,  will 
return  to  that  point  before  it  completes  its 
revolution,  inasmuch  as  that  point  monog  in 
the  contjBry  direction  meets  it  before  its  ratnn 
to  the  point  of  departure. 

It  follows  from  this,  that  the  interval  b^ 
twcen  two  sncoesaive  returns  to  the  verail 
equinoctial  point  is  a  little  less  than  the  lide- 
Tul  period.  This  interval  is  called  the  equi- 
wxticd  period,  vai  a  nttaya  the  filUi  column, 
of  Table  II. 

The  sjnodio  period  is  given  in  the  laat 
oolnmn. 

2985.  TaUe  of  extreme  and  mean  dn- 
taneetfvm  nm  and  earth. — In  Table  L,  the 
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meks  distanees  a  of  tho  seveni  planets  from  th«  ntl  an.  «_^ 

ID  nnmben,  of  trbich  the  earth's  mean  diatanea  it  the  waiL 

Decessary,  however,  to  compate  the  actual  meao  d 

known  units,  such  as  t  "  ~      .  -  .      -. 

to  multiply  the  actual  i 

nnmbera  in  the  column  a  of  Table  I. 

It  is  also  oecessar;  to  asaign  the  aotnal  limita  of  the  iwj|m# 
tanceB  of  the  pkocts  as  well  from  Ibe  earth  aa  fiom  the  bol  &■ 
are  eaail;  determined  by  the  data  in  Table  I. 

2086.  IWihelion  and  aphelion  distaneet. — Till  ll ililMiji. 

mean  distances  of  the  eanh  from  the  sao,  eipnand  in  BflMM 
iKbe  , 


TABULAR  STN0FBI8  OV  THB  80LAB  BTSTBM.  469 

d   =s  metn  distance 
cF  =  least  distance 
tT  =  greatest  distance : 

we  shall  then  have^  according  to  what  has  heen  already  explained 
sod  prored,  -    ** 

rf =95,        cf  =  95  X  (1  —  c),        d"  =95  X  (1  +  c), 

the  ^loe  of  «  in  the  case  of  the  earth  being  001679226. 

Let  the  mean  and  extreme  distances  of  a  planet  from  the  sun  be 
in  like  manner  expressed  bj  d,  j/,  d"  in  millions  of  miles,  and  we 
ihftllhaTe 

D  =  95a,      i/  =  95a  X  (1  — c),      D"  =  95a  X  (1  +  c). 

The  distance  8  of  a  planet  from  the  earth  at  superior  conjunction 
hoDg  equal  to  the  sum  of  the  distances  of  the  earth  and  planet  from 
Am  BoUf  we  shall  have 

This  will  yarj,  because  the  distances  from  the  sun  vary.  It  will  be 
gr.'est  when  the  earth  and  planet  are  both  in  aphelion,  and  least 
vhen  they  are  both  in  perihelion.  If  s",  therefore,  express  the 
freatest,  and  s'  the  least  possible,  distance  of  the  planet  when  in 
ilHtjiiDction,  the  mean  being  expressed  by  s,  we  shall  have 

g"  =  d"  +  d"        8'  =  d'  +  d. 

The  distance  of  an  inferior  planet  from  the  earth,  when  in  inferior 
eoBJUDction,  is  found  by  subtracting  the  planet's  distance  from  the 
■■n  from  the  earth's  distance.  If  o  express  the  mean  distance  of 
Ae  planet  in  inferior  conjunction  from  the  earth,  we  shall  have 

o  =  d  —  D. 

Hie  distance  will  vary  according  to  the  relative  posiUons  of  the 
azea  of  the  elliptic  orbits,  and  will  evidently  bo  greatest  when  the 
Miih  18  in  perihelion  and  the  planet  in  aphelion.  If  &'  and  o'  then 
espreaa,  as  before,  the  greatest  and  least  possible  distances  of  the 
planet  in  inferior  conjunction,  we  shall  have 

o"  =  d"  —  d'        &  z=d'  —  d". 

The  distance  of  a  superior  planet  in  opposition  is  found  by  sub- 
tnetiDg  the  earth's  from  the  planet's  distance ;  and  it  may  in  like 
numner  be  shown  that  the  mean  and  extreme  distances  of  the  planet 
En  opposidon  from  the  earth  will  be 

o^z=zj}  —  d      o"  =  d"  — (f      0'  =  !/  — ar'. 

In  the  following  table  the  mean  and  extreme  distances  of  the 
plsnete  saccessively  from  the  sun  and  earth  are  given  as  computed 
^  these  several  formulae.  The  method  of  computation  is  indicated 
at  the  head  of  each  column.     (See  Table  on  next  page.) 
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given  in  the  several  columns  of  Table  IV.  have  been  already  ex- 
plained.    Some  of  them,  however,  require  further  eladdatian. 

2988,  Method  of  computing  the  extreme  and  hkoh  afpawd 
diameters,  —  The  real  diameters  6  being  ascertained  bj  die  methodi 
explained  in  (2299),  the  extreme  variation  of  the  apparent  ^melff 
may  be  found  from  a  comparison  of  the  real  diameter  with  iki 
extreme  and  mean  distances  d",  d',  d,  given  in  Table  IIL  Wi 
have  thus  (2294) 

a"  =  -i  >^  206266,    a'  =  A  X  206266,    a  =  —  x  aOaWB. 

2989.  Surfaces  and  volumes.  — The  surface  of  the  earth  tumHi 
of  197  millions  of  square  miles,  and  its  volume  of  259|800  milUoii 
of  cubic  miles.  Let  these  numbers  be  expressed  respectiTely  by  ll 
and  k".  Since,  then,  the  surfaces  of  spheres  are  aa  the  Mpitni^ 
and  their  volumes  as  the  cubes,  of  their  diameters,  if  a'  ezprevlki 
surface  and  ^''  the  volume  of  a  planet  related  to  those  of  toectttk 
aa  an  unit,  and  6"  the  volume  in  billions  of  cubic  mUei,  «e  dhD 
have 

A'  =  A«,  iT  z=:  A» 

a'  =  A'  X   B'        *"  =  A"  X   «*. 
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2990.  Tke  maues.  —  The  masses  of  the  planets  in  relation  to  the 
nm  being  ascertained  by  the  several  methods  explained  in  (2633), 
d  teg,,  and  the  ratio  of  that  of  the  snn  to  the  earth  being  ascer- 
tained to  be  354936  to  1,  let  ^'^  express  the  mass  related  to  thai 
of  the  earth,  and  X'"  to  that  of  the  bob  as  the  unit.  We  shall  dien 
hare 


A'" 


X^ 


354936' 


By  which  A'^  may  be  inferred  from  X''^ 

The  actual  weight  of  the  earth  ia  trilliooff  of  tons  being  6669 
(2894),  let  the  weight  of  any  other  mass  in  trillions  of  tons  be  3"', 
ind  we  shall  have 

a'"  =r  A'"  X  6069. 

2991.  The  dennties, — The  mean  densities  being  the  quotients 
obtained  by  dividing  the  volumes  by  the  masses,  and  the  mean 
density  of  the  earth  related  to  that  of  water  as  the  unit  being  5-67 
(2393),  let  the  mean  density  of  any  of  the  other  bodies  related  to 
that  of  the  earth  as  the  unit  be  as,  and  related  to  water  of,  and  we 
diall  have 

A'" 

X  =  -^        of  =  X  X  5-67. 

A 

2992.  Certain  data  not  exactly  cucertained.  —  It  will  be  useful 
Id  observe  that,  in  the  determination  of  several  of  these,  the  results  of 
tiie  observations  and  computations  of  astronomers  are  to  a  certain 
•Bteai  at  variance,  and  a  corresponding  uncertainty  attends  such 
iate,  as  well  as  all  conditions  which  depend  on  them  or  are  derived 
Inr  ealenktion  from  them.  This  is  more  especially  the  case  with 
Ibe  masses  of  those  planets  which  are  unaccompanied  by  satellites, 
sad  consequently  with  the  densities  which  are  ascertained  by 
dividing  the  masses  by  the  volumes. 

2993.  Example  of  the  mane$  and  denniie$  of  some  planets. — 
As  au  example  of  the  character  and  extent  of  Uiese  discrepancies, 
ire  flve  the  following  estimates  of  the  masses  of  some  of  the  prin- 
jsipu  planets  expressed  as  fractions  of  the  mass  of  the  sun.  The 
^oiomn  s  contains  the  values  assigned  by  Professor  Ench^,  from  a 
MMDparison  of  all  the  authorities,  except  that  of  Neptune,  which  is 
^wpa  on  the  authority  of  Professor  Pierce.  The  column  F  contains 
&•  values  adopted  by  the  French  Board  of  Longitude,  and  the 
•cdttmns  l  and  M  the  values  given  in  the  treatises  lately  published 
ia  Germany  by  Professors  Littrow  and  M&dler. 
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It  will  be  obeerved  that  in  Table  IV.,  as  well  as  in  the  pRcedng 
tables,  the  quantities  are  in  all  cases  reduced  to,  and  expiewed  is, 
those  actual  standafd  measures  and  weights  with  which  all  penooi 
are  &uiiliar.  The  utility  of  this  was  Teiy  forotbly  expressed  til 
very  happily  illustrated  by  the  Astronomer  Boyal,  in  the  pofihr 
leotures  delivered  by  him  at  Ipswich. 

2994.  Infennly  o/tolar  light  and  Acat-— Since  the  intmntf  ef 
solar  radiation  decreases  as  the  square  of  the  distance  from  the  na 
decreases,  if  y  expresses  its  inteDsity  at  the  mean  distance  of  aoj 
planet  relative  to  its  intensity  at  the  earth  as  the  unit,  we  shall  have 

r 

2995.  Superficial  gravity.  —  The  superficial  mvity  of  a  sphericil 
body  being  in  proportion  to  its  mass,  divided  by  the  square  of  iti 
semi-diameter,  and  the  height  through  which  a  body  falls  upon  thi 
surface  of  the  earth  in  ooc  second  being  16*08  feet,  let  g'  expiffl 
the  superficial  gravity  of  a  spherical  body  related  to  that  of  tbi 
earth  as  the  unit,  and  let  /'  express  the  height  through  whiek  a 
body  submitted  to  it  would  fall  in  one  second,  and  we  shall  have 

/  =  ^',       /'  =  i^x  16-08. 

2996.  Orbital  velocities.  — It  is  easy  to  show  that  it  follows  asi 
necessary  consequence  of  the  harmonic  law,  that  the  mean  orbitil 
velocities  of  the  planets  are  in  the  inverse  ratio  one  to  another  of 
the  square  roots  of  the  distances ;  for  since  these  velocities  are  pio* 
portional  to  the  circumferences,  or,  what  is  the  same,  the  seaii- 
diameters  of  the  orbits,  divided  by  the  periods,  they  are  proportioatl 

to  -^ ;  but  since,  by  the  harmonic  law,  p*  is  proportional  to  e^,  the 

velocities  will  be  proportional  to  -=1,  or,  what  is  the  same,  to  -=: 

that  is,  inversely  proportional  to  the  square  roota  of  the  mean  dii- 
tanoes. 

This  being  understood^  and  the  mean  orbital  velooity  of  the  asrtli 


f 
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expressed  in  miles  per  hour  being  68,890,  let  y  be  the  mean  velocit  j 
of  I  pUoet  related  to  that  of  the  earth  as  the  unit^  and  y'  its  meau 
niodtj  in  miles  per  hour,  and  we  shall  have 

v=  — ,        V  =  yx  68800: 

aod  since  the  ratio  of  miles  per  hour  to  feet  per  second  is  that 
of  5280  to  8600;  if  y^  be  the  velocity  in  feet  per  second^  we  shall 
hiTe 

„_628 

"  860  ^ 

2997.  Superficial  vdocity  of  rotation,  —  The  superficial  velocity 
•f  A  pknet  at  its  equator  in  virtue  of  its  diurnal  rotation  is  found 
by  eompwing  the  circumferences  of  its  equator  with  the  time  of  its 
roftatioD.     By  the  elementary  principles  of  geometry,  the  circum- 

of  a  circle  whose  diameter  is  6,  is  9  X  8-1415,  and  if  T  ex- 
tha  time  of  rotation  in  hours,  we  shall  have  for  v,  the  velocity 
ef  lotAtioD  in  miles  per  hour 

a  X  81415^ 

T  ' 

whidi  may  be  reduced  to  feet  per  second,  as  before,  by 

528 

"="^360- 

2998.  Solar  gravitation.  ~~  The  general  law  of  gravitation  sup- 
plies easy  and  simple  means  by  which  the  force  of  the  sun's  attrac- 
tion at  the  mean  distance  of  each  of  the  planets  may  be  brought 
into  immediate  comparison  with  the  known  force  of  gravity  at  the 
BorCMe  of  the  earth. 

Let  this  latter  force  be  expressed  by  g.  It  will  decrease  in  the 
same  ra^  as  the  square  of  the  distance  of  the  body  affected  by  it 
increases.  The  distance  of  the  sun  being  24,000  semi-diameters 
of  the  earth,  the  intensity  of  the  attraction  which  the  earth's  mass 
woold  exert  at  that  distance  would  be 

9  _  9 


24000  X  24000  "  576,000000* 
Bni  the  mass  of  the  sun  being  854,936  times  that  of  the  earth,  it 
will  at  die  same  distance  exert  an  attraction  854,986  times  greater. 
The  intena^  of  the  attraction,  therefore,  which  the  sun  exerts  at 
the  earth's  mean  distance  will  be 

854936  _     g 
^  ^  24000«  "  1626 ' 
and  the  intensity  of  its  attraction  at  the  mean  distance  of  the  other 
planels  being  still  inversely  as  the  squares  of  the  distances,  will  bo 
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fband  by  dividing  this  by  a".  So  that  if  o  ezpresB  this  attndioB, 
and  F  the  height,  in  thousandths  of  an  inch,  through  which  a  body 
placed  at  each  distance  would  fidl  in  one  second,  we  shall  have 


G  = 


9 


1626  a" 


F  =  16080  X  12  X  G  =  192960  a. 


By  the  numbers  given  in  the  column  G,  it  is  there  to  be  note- 
stood  that  a  mass  of  matter  which,  placed  upon  tho  snrfiiee  of  the 
earth,  would  weigh  the  number  of  pounds  expressed  by  the  dsBoai- 
nators  of  the  fractions  severally,  would,  if  submitted  only  to  tk 
sun's  attraction  at  the  respective  mean  distances  of  the  plaMli^ 
gravitate  to  the  sun  with  the  force  of  one  pound.  Thus,  a  bmi 
which  on  the  earth's  surface  would  wdgh  1626  lbs.  would  mi^ 
only  one  pound  if  exposed  to  the  sun's  attraction  in  the  ahesMS  rf 
the  earth.  In  like  manner,  a  mass  which  upon  the  earth's  ante 
would  weigh  1467333  lbs.,  or  655  tons,  would,  if  exposed  to  Ihe 
sun's  attraction  at  the  mean  distance  of  Neptune,  weigh  only  om 
pound,  so  extremely  is  the  intensity  of  solar  attraotioQ  enfeahM 
by  the  enormous  increase  of  distance. 

The  numbers  given  in  the  column  F  have  a  more  absolute  sentt^ 
and  express  in  thousandths  of  an  inch  the  actual  spaces  throagh 
which  a  body  would  be  drawn  in  one  second  of  time  by  the  too'i 
attraction  at  the  mean  distances  of  the  planets  severally. 


IV.  Tabulated  Elements  op  the  Satellites. 

2999.  The  elements  of  the  orbits,  and  other  physical  data  relating 
to  the  satellites  of  Uranus,  Jupiter,  and  Saturn,  so  far  as  they  hife 
been  discovered,  are  given  in  Tables  V.,  VI.,  and  VII.  After  tfce 
explanations  which  have  been  given  above  respecting  the  correspond- 
ing data  of  the  primary  planets,  no  difficulty  will  be  found  in  oooh 
prehending  those  tables,  and  the  manner  of  computing  them. 

TABLE  V. 
Elements  of  the  Uranian  System. 
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TABLE  VI. 
Element!  of  the  Jomn  Sjstem. 
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I.  COMET  AST  OKBITS. 


.  I^meienae  of  ike  antronotarT.  —  For  the  dni  Hid  , 
I  iIm  past  alone  has  eiisteD«e< — the  present  be  nreljif- 
■ ;  tha  future  never.  To  tlie  bistornn  t)(  science  it  ia  }» 
idttad,  hovevm-,  to  penetrate  the  depths  of  past  and  futai«  m 
Vl/ui  oleanMW  and  cortunt; :  fsets  to  ootoe  are  to  him  as  prtmK 
tad  not  nnfisquently  more  assured  than  faeta  whirb  are  pm*]. 
Althoogh  tlua  c^lear  perception  of  canses  and  ooD^equenoes  iHm» 
ttriiri  ma  wbole  domain  of  pbTUoal  sdence,  and  clothes  the  oilaiil 
^UloiOpher  with  powers  denied  to  the  political  and  moral  ioqaw, 
nt  fDfiAoowtedse  b  eminently  the  prinleee  of  the  astToaooK. 
Natnn  haa  niaed  the  eunain  of  fhtnrit;,  and  displayed  i^ion  Vm 
At  loewarion  of  her  decrees,  so  far  as  the;  affeM  the  ^]M 
nni verse,  for  countless  agea  to  come;  and  the  rerelatianatlf'lriliA 
■be  has  made  bim  the  inetrament,  are  supported  and  »^»|fc|4  ^i 
Dever-fleuing  train  of  predictjons  falfilled.  Ha  "  Aowa  m  4l 
things  which  will  be  hereafter,"  not  obscurely  efaadowad  oMfc 
flgorei  and  in  patablen,  as  must  necessarilT  be  the  case  wiA  siff 
revelations,  but  attended  with  the  most  minute  preoiooii  df  lii^ 


plaoe,  and  circnmstaDce.     He  converts  the  boara  aa  ther  nit  M 
an  e^r-present  miracle,  in  atteatation  of  those  laws  which  his  CMi 
through  him  has  unfolded  ;  the  sun  cannot  rise  —  the  mooB  mMH 
wane — a  star  cannot   twinkle  in   the   firmament,   witheat  Utf    i 
witnen  to  the  truth  of  his  prophetic  records.     It  has  pleaiej  lb    I 

"Lord  and  Qovemor"  of  the  world,  in  his  ' its  hip  -wiiirtg"    I 

baffle  our  inquiries  into  the  natare  and  proximate  oanae  of  dialv* 
derfut  bcultj  of  intellect  —  that  image  of  his  own  eesenca  vtMll 
has  cooferred  upon  ua;  nay,  the  springs  and  wheelwork  of  tfA^l 
and  vegetable  vitality  are  concealed  from  our  view  by  an  ii^nt- 
tnble  veil,  and  the  pride  of  philosophy  ia  humbled  by  the  lumtafc 
nftfaephjaioti^at  beodieg  in  fruitless  ardour  over  the  iliiMniiiii  ^ 
the  hnnan  bnin,  and  peering  in  equally  unproductive  inqiiii7<i' 
the  gambols  of  an  animalcule.  But  bow  nobly  is  the  daib* 
which  envelopoa  metaphysical  inquiries  compensated  by  tbs  W 
of  light  which  is  shed  upon  the  physical  creation  I  FlurtJi' 
hannony,  and  order,  and  majesty,  and  beauty.  From  tbeetasil 
■ooial  and  politick  phenomena  exhibited  in  human  reeetds—ft^ 
Doraena  onoonnected  U)  our  imperfect  vision  by  any  diseem*^ 
Inw,  a  war  of  pasdoni  and  prejndioea,  governed  t^  no  fl^ 
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fvpoBe^  tending  to  no  apparent  end,  and  setting  all  intelligible 
ander  at  defiance  —  how  soothing  and  yet  how  elevating  it  is  to  turn 
to  the  splendid  spectacle  which  oflFers  itself  to  the  habitaal  contem- 
plation of  the  astronomer !     How  favonrable  to  the  development  of 
all  the  best  and  highest  feelings  of  the  soul  are  snch  objects !  the 
odIj  passion  they  inspire  being  the  love  of  truth,  and  the  chiefest 
pleasure  of  their  votaries  arising  fix)m  excursions  through  the  im- 
ponng  scenery  of  the  universe  —  scenery  on  a  scale  of  grandeur  and 
vwuficence,  compared  with  which  whatever  we  are  accustomed  to 
aalf  Bublimity  on  our  planet  dwindles  into  ridiculous  insignifi- 
aaMT.     Most  justly  has  it  been  said,  that  nature  has  implant^  in 
Mr  bosoms  s  craving  after  the  discovery  of  truth ;  and  assuredly 
ttftft  glorious  instinct  is  never  more  irresistibly  awakened  than  when 
oar  notice  is  directed  to  what  is  going  on  in  the  heavens.     "  Quo- 
warn  esdem  Natura  cupiditatem  insenuit  hominibus  veri  inveniendi, 
quod  ftdllime  apparet,  cum  vacui  curis,  etiam  quid  in  coclo  fiat, 
sdura  avemns;  his  initiis  inducti  omnia  vera  diligimus;   id  est, 
idsliay  simplioia,  constantia ;  tum  vana,  falsa^  fallentia  odimus."  * 

8001.  Strikingly  illustrated  by  cometary  discovery,  —  Such  re- 
ieetioDS  are  awakened  by  every  branch  of  the  science  which  now 
esgtges  ns,  but  by  none  so  strongly  as  by  the  history  of  cometary 
meovery.  Nowhere  can  be  found  so  marvellous  a  series  of  phe- 
■omsna  foretold.  The  interval  between  the  prediction  and  its  ful- 
ihnent  has  sometimes  exceeded  the  limits  of  human  life,  and  one 
Meradon  has  beoueathed  its  predictions  to  another,  which  has  been 
illad  with  astonishment  and  admiration  at  witnessing  their  literal 
sooomplishment. 

S002.  Motion  of  comets  explained  by  gravitation,  —  In  the  vast 
fkmmework  of  the,  theory  of  gravitation  constructed  by  Newton, 
plaees  were  provided  for  the  arrangement  and  exposition  not  only 
cf  all  the  astronomical  phenomena  which  the  observation  of  all  pre- 
cediog  generations  had  supplied,  but  also  for  a  far  greater  mass 
whioh  the  more  fertile  and  active  research  of  the  generations  whic) 
mecsedcd  him  have  furnished.     By  this  theory,  as  we  have  seer 
sU  the  known  planetary  motions  were  explained,  and  planets  pr 
viovsly  nnseen  were  felt  by  their  effects,  their  places  ascertaine 
and  the  telescope  of  the  observer  guided  to  them. 

Bui  tnDSoendently  the  greatest  triumph  of  this  celebrated  thee 
vsB  the  exposition  it  supplied  of  the  physical  laws  which  govern  f 
■motions  of  comets^  as  distinguished  from  those  which  prevail  am( 
the  planets. 

8008.  Conditions  imposed  on  the  orbits  of  bodies  which  are 
jed  to  ike  attraction  of  gravitation,  —  It  is  proved  in  the  pr 
Btioiis  demonstimted  in  the  first  book  of  Newton's  Principia,  w 
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ns  form  in  substani*  the  gronndirork  of  the  eattre  thtoij 

[i.io,  tliat  a  budj  which  is  under  the  ioflueiiM  of  a  ceBttil 
iulensity  of  which  decreases  as  the  sqaare  of  the  diguac* 
iiiU£t  move  iu  one  or  other  of  the  curves  known  U  gro- 
tho  "  CUMO  SECTIONS,"  being  those  which  are  fonncd  bj 
'sectioD  of  the  surface  of  a  cone  b;  a  place,  sod  that  tlie 
attraciioD  must  ho  in  the  rocus  of  the  curve ;  and  in  ordtf 
that  sufh  curves  are  compatibk  with  no  other  law  of  tUna- 

tu  uiovc  rouod  s  cuotrc  of  Httniction  in  inj  one  of  thM  i 
liut  centre  heiug  its  fucuti,  the  kw  of  the  atlractiou  will  hi  i 
ravitalion ;  that  is  to  say,  iU  iolenaitj  will  vary  in  the  JB- 
vorse  proportiiin  of  the  square  of 

1 

the  distance  of  the  moving  bad; 
from  the  centre  of  force. 

Subject  to  these  limitatraa^ 
however,    a    bod^    maj    mon 
rouud  the  bud  in  nay  orbit,  al . 
any  distance,  In  any  plane,  and 
in  any  direction   whatever,      hi 

I 
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816,  the  fonoB  nf  b  Tsry  eccentiio  ellipse,  a  b  a  b',  h  pan- 
ppf,  and  an  bjpcrbnU  a  A  A',  having  I  u  their  common 
uid  it  will  be  eonveoient  to  explaio  in  the  firat  instance  the 
;  magoitade  of  some  important  lines  and  distances  connectMl 

1.  ElUptic  orbit.  —  Ellipses  or  ovals  vary  without  limit  in 
iceentncity.  A  circle  is  regarded  as  an  ellipse  whose  ecoen- 
is  nothing.  The  orbits  of  the  planets  generally  are  ellipses, 
ving  eccentricities  so  small  that,  if  described  on  a  large  scale 
r  proper  proportions  on  paper,  the;  would  be  distinguishable 
irelea  oulj  by  meaauriug  aocutately  the  dimensions  taken  in 
it  directions,  and  thus  asoertaioing  that  they  ere  longer  in  a 
direction  than  in  another  at  right  angles  to  it.  A  veiy 
ie  and  oblong  ellipse  is  delineated  iu^.  81ti,  of  which  a  a' 
major  axis.  The  focus  being  i,  the  perihelion  distance  d  ii 
.d  the  apbeiioQ  distauce  d'  is  t  a,  the  mean  distance  a  being 
half  the  major  axis.  The  eccestricity  e,  being  expressed  by 
merical  ratio  of  the  distance  of  tbe  focus  s  from  the  centre  e 
■emi-axis,  we  shall  have 


I  svident  from  what  has  been  just  stated,  then,  that  we  ahaU 

,        d  =  o  —  ox  e  =  ox  (1  —  <), 
naeqacotly 

K) 

d'  =  «  +  «Xe=<.x  (1  +  e)  =  rf  X  J-i^. 

oe  it  is  evident  that,  if  tbe  perihelion  di^tHiico  and  eccentricitj 
ID,  the  senii-azis  a  and  the  uphi'linu  Uisliiricc  li'  can  be  com- 

[he  properties  of  the  cllipi^c,  tho  distance  of  any  point  from 
ns  (  can  be  compuled,  if  tbe  perihelion  distance  <l,  the  eceen- 
^  and  the  angular  distiince  of  the  point  from  perihelion  be 
Let  •  express  this  nngolar  diHlaiicc,  nbidi  is,  iu  fact,  the 
'onned  by  two  lines,  one  d,  ciruiri)  fr'>iri  «  to  u,  and  tlie  other 
s  to  the  actaal  place  of  the  body  in  ilie  ellip^.  It  is  proved 
netry  that  the  value  of  «  uiny  be  dotormiued  in  all  cases  by 
mala, 

1  +  «  X  COS.  a 
to  nj,  if  the  perihelion  distance  be  first  multiplied  by  the 
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WMBlrldty  b»etBed  by  1,  and  thv  prodoet  than  divided  ttytkt 
nnnber  finad  b;  Kddiog  lo  1  the  pro<3act  of  the  eccentncit;  ud 
the  «)«■■  of  the  aogDluT  distance  of  tbe  body  from  pcribeUoc,  tb 
qootioDt  will  1»  the  distance  of  U>e  body  from  the  focna  i. 

From  thU  gmeral  fonnnta,  therefore,  the  expreaaiOD  for  ^  A- 
tutee  of  tbo  Mdy  from  the  focus  in  erei;  positioii  cui  be  fMni 
Thu  *t  90°  from  perihelion  we  hftve 

COS.  •  =  oofl.  90°  =  0,  ^ 


the  dJBUnee  t  /,  whioh  we  shall  call  /,  b  { 

ippoM*^  180°,  we  ehall  reprodacs  the  tacfntAnlf^ 
I  distance  d',  for  cos.  180°  =  —  1 ;  sod  therefon 


It  will  boiuefbl  also  to  observe  that  the  cob.  a  is  [K>9itiTe«bea4'B 
loH^  and  nmtive  when  a  is  greater,  than  00°. 

Tho  nvDiDar  which  is  exprewed  by  e  is  DeceaaBrilj.Ien  dw  If 
nnoe  it  is  a  fimotion  whose  namcrator  «  c  is  lees  than  its  denoniBil* 
c  a.  The  more  eccentric  the  ellipse  is,  the  more  nearly  wpti  «iU 
(  e  be  to  c  a,  aod  coasequently  the  more  nearly  equal  to  1  will  W 
die  eocentricity  e. 

The  distance  I,  being  greater  than  the  perihelion  distance  cf,  ii 
the  ratio  of  1  -f-  e  to  1,  jt  will  therefore  be  always  less  ihaa  twis 
this  distance,  innsmuch  as  1  +  e  is  always  less  than  2 ;  btt  As 
more  eccentric  the  ellipse  is,  the  more  nearly  will  t  approach  ti 
twice  the  perihelion  distance  d.  Thus,  fbr  example,  if  e  =  O-Mli 
we  ebovld  have  I  =  d  x  1-999,  which  falls  short  of  twice  the  fA 
helion  distance  by  not  more  than  the  1000th  part  of  that  dkla 

The  carvatnre  of  the  ellipse  continually  increases  from  the 
distance  to  perihelion,  and  consequently  decreases  from 
to  the  mean  diatunce,  being  equal  si  equal  anguh 
perihelion  as  seen  from  the  sun. 

It  is  evident  that  if  a  body  move  in  a  very  eccentric  ellipse, 
•B  that  represeatcd  in  Ji^.  816,  whose  plane  coincides  cxatf^ 
nearly  with  the  common  plane  of  the  planetary  orbits,  it  mayW* 
sect  the  orbits  of  several  or  all  of  the  planets,  as  it  is  repraM(il* 
do  in  the  figure,  although  its  mean  distance  from  the  eun  WJ^ 
less  than  the  mean  distance  of  several  of  those  which  it  thus  in*^ 
eeols.  The  aphelion  distance  of  such  a  body  may,  therefore,  |W^ 
exceed  that  of  any  planet,  while  its  mean  dtstance  msy  be  leal" 
that  of  the  more  distant  planets. 

8006.  FuraloUc  orbitt. — The  form  of  a  parabolic  orUt  biit| 
the  same  perihelion  distance  as  the  elljptjo  orbit  is  reprLMsH'' 
»pp,  in  fig.  816.     This  orbit  consists  of  two  i&deSoite  *     '^ 


"■■* 
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luniUr  in  form,  wbieb  nnite  at  perihelion  a.  DefMirting  from  Mb 
jm'Dt  on  opposite  sides  of  the  axis  a  a',  their  cunrature  regularly  and 
npidly  decreases,  being  equal  at  equal  distances  from  perihelion. 
lie  two  branches  have  a  constant  teiidencj  to  assume  the  direction 
ind  form  of  two  straight  lines  parallel  to  the  axis  a  a!.  To  actual 
parallelism,  and  still  less  to  convergence,  these  branches,  however, 
nerer  attain,  and  consequent! j  they  can  never  reunite.  They 
extend,  in  fine,  like  parallel  straight  lines,  to  an  unlimited  distance 
without  ever  reuniting,  but  assuming  directions  when  the  dii>tance 
from  the  focus  bears  a  high  ratio  to  the  perihelion  distance,  which 
are  practically  undistinguishable  from  parallelism. 

It  is  demonstrated  in  geometry,  that  if  d  express  the  perihelion 
distance  and  z  the  distance  of  the  body  at  the  angular  distance  a 
frtnn  the  perihelion,  we  shall  have 

2d 

1  4-  COS.  a 

that  is  to  say,  the  distance  z  is  found  by  dividing  twice  the  peri- 
helion distance  by  1  added  to  the  cosine  of  the  angular  distance 
from  perihelion. 

It  must  be  mentioned,  however,  that  when  a  is  greater  than  90°, 
the  ooaine  is  negative,  and  its  value  must  then  be  subtracted  from  1 
to  obtain  the  divisor. 

To  find  the  distance  I  of  the  body  at  90°  from  perihelion,  let 
ft  =  90^1  and  consequently  cos.  a  =  0.     Therefore 

l=2d] 

that  18  to  say,  the  distance  at  90°  from  perihelion  is  twice  the 
perihelion  distance. 

One  parabolic  orbit  differs  from  snother  in  its  perihelion  distance. 
The  less  this  distance  is,  the  less  will  be  the  separation  at  a  given 
distaooe  from  t  between  the  parallel  directions  to  which  the  indefinite 
hnnches  pjf  tend.  This  distance  may  have  any  magnitude.  The 
body  in  its  perihelion  may  graze  the  surface  of  the  sun,  or  may  pass 
at  a  distance  from  it  greater  than  that  of  the  most  remote  of  tho 
planets,  so  that,  although  it  be  subject  to  solar  attraction,  it  would  in 
that  case  never  enter  within  the  limits  of  the  solar  system  at  all. 

A  body  moving  in  such  an  orbit,  therefore,  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  revolutions  round  the 
sun;  nor  can  the  term  periodic  time  be  applied  at  all  to  its  motion. 
It  enters  the  system  in  some  definite  direction,  such  as />'/>,  as  indi- 
cated by  the  arrow,  from  an  indefinite  distance.  Arriving  within 
the  sensible  influence  of  solar  gravitation,  the  effects  of  this  attraction 
are  manifested  in  the  curvation  of  its  path,  which  gradually  increases 
ai  its  distance  from  the  sun  decreases,  until  it  arrives  at  perihelion, 
whaie  tha>attractive  force,  and  consequently  the  eurvature,  attain 

40* 
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tbeir  maxima.  The  extieme  ^veloeity  whieh  the  body  attuBB  it  ttn 
point  prodnoeei  in  Tirtue  of  the  inertia  <^  the  moving  man,  a  eea- 
trifagid  force,  which  connteracta  the  gravitation,  and  the  body,  tfts 
passing  perihelion,  begins  to  retreat;  the  solar  graTitaticm  and  the 
curvature  of  its  path  decreasing  together,  until  it  issues  from  the 
system  in  a  direction  pp'^  as  induated  by  the  airowi,  wUoh  ii 
nearly  a  straight  line,  and  parallel  to  that  in  which  it  entersd.  h 
such  an  orbit  a  body  therefore  virits  tl)e  system  but  once.  It  eiln 
in  a  certain  direction  from  an  indefinite  distance,  and,  paMg 
through  its  perihelion,  issues  in  a  parallel  direction,  paaung  to  a 
unlimited  distance,  never  to  return. 

8006.  ffyperhoiic  oritYt.  — This  dass  of  orfaita,  like  «]m  ■» 
bolas,  consist  of  two  indefinite  branches,  which  nnita  at  pmihiiii^ 
which  at  equal  distances  from  perihelion  have  equal  oorvatoMi^  ml 
which,  as  the  distance  from  perihelion  inoreaaea,  aptproaeh  ladA 
nitely  in  direction  and  form  to  straight  lines ;  but^  unlike  the  pn» 
bolic  orbits,  the  straight  lines  to  whose  direotion  the  two  bnmi 
approximate  are  divergent  and  not  parallel. 

Such  an  orbit  having  the  same  perihelion  distance  aa  the  effifii 

and  parabola,  is  represented  by  ahh',fig.  816. 

If  z  express,  as  before,  the  distance  of  the  body  frt)m  s,  when  ill 
angular  distance  from  perihelion  is  a,  and  if  e  expreas  a  eertaia 
number,  which,  instead  of  being  less,  as  in  the  case  of  the  ellipffi 
is  greater  than  1,  we  shall  have 

z  =  a  X  r ; , 

1  -\-  e  X  cos.  a 

a  formula  identical  with  that  which  expresses  the  value  of  a  ta  tk 
case  of  the  ellipse,  the  difference  being  merely  in  the  relation  wUA 
the  number  e  bears  to  1. 

It  is  easy  to  perceive  that  when  the  perihelion  distance  ii  A* 
same,  the  value  of  z  for  any  proposed  angular  distance  from  pm* 
helion  is  greater  in  the  hyperbola  than  in  the  ellipse,  and  that  ii 
value  in  the  parabola  is  intermediate,  being  less  than  in  the  kj- 
perbola  and  greater  than  in  the  ellipse. 

The  parabola  is,  therefore,  included  between  the  ellipse  lai 
hyperbola,  and  the  less  the  number  e  falls  short  of  1  for  the  ellip*f 
and  exceeds  it  for  the  hyperbola,  the  nearer  will  the  three  orbiti  ^ 
in  relation  to  each  other  at  those  parts  which  are  not  veij  ^ 
removed  from  peribelioD. 

The  distance  I  of  the  body  which  moves  in  the  hyperbola  at  N" 
from  perihelion,  is 

I^d(l  +  e), 
the  aame  aa  for  the  ellipse,    (f  /  express  this  diataaoe  for  the  el^ 
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/£ir  the  parabola,  and  T  for  the  hyperbola,  and  J  express  the  Taliie 
of  0  fxnt  the  hyperbola,  we  shall  have 

I   =d  X  (1  +  e) 
r  =2d 

lad  eoDsequenily  the  distances  between  the  parabola  and  each  of 
the  other  orbits  at  90^  from  perihelion,  measured  in  the  direction 
cr«/r,willbe 

r  —I  =dx  (l  —  e) 

V'  —  V  =  dx  (^—1). 

It  ii  evident,  therefore,  that,  whatever  be  the  fraction  by  which 
ifdla  abort  of  1,  and  by  which  tf  exceeds  1,  the  same  will  be  the 
ftttetioii  of  the  perihelion  distance  by  which  the  parabola  at  this 
point  ia  aeparated  from  the  other  orbits. 

It  will  be  recollected  that,  when  a  exceeds  90^,  the  cos.  a  becomes 
Bflptive,  and,  consequently  we  would  then  have 

1  +  e 


«  =  c?  X 


1  —  e  X  cos. 


Now,  aa  the  oos.  a,  which  is  0,  when  a  =  90^  increases,  the  product 
€  X  oofl.  oy  which,  after  passiuff  90^,  is  very  minute,  will  also  in- 
creaae,  and,  consequently,  the  divisor  1  —  e  X  cos.  a  will  decrease. 
This  will  evidently  cause  a  proportionate  increase  of  z.  As  the 
product  e  X'  COS.  a  approaches  to  1,  the  divisor  decreasing,  the  value 
of  z  rapidly  increases;  and  when  e  xcos.  a  becomes  actually  =  1, 
t  becomes  infinite. 

The  geometrical  interpretation  of  this  analytical  contingency  is, 
that  each  branch  of  the  orbit,  in  receding  from  the  centre  of  attrac- 
tion t,  approaches  indefinitely  to  coincidence  with  certain  straight 
fiaeSi  which  make,  with  the  direction  of  perihelion,  an  angle,  the 
eonne  of  which  has  such  a  value,  that  e  x  cos.  »  =  1,  that  is,  an 

mgle  whose  cone  is  — . 

If  two  straight  lines,  therefore,  be  drawn  from  «,  making  an 

mgle  with  the  axis  a  a',  whose  cosine  is  — ,  these  lines  will  be  the 

direetiona  into  which  the  two  branches  of  the  hyperbolic  orbit  have 
a  constant  tendency  to  run.  They  will,  therefore,  be  the  limit  of 
the  divergence  of  the  branches  hh'. 

It  18  evident,  therefore,  that  the  more  the  number  e  exceeds  1 , 
the  greater  will  be  the  angle  of  divergence  of  the  two  branches  h  A', 
and  the  leas  it  exceeds  1,  the  nearer  will  the  hyperbolic  branches 
hK  approach  to  the  parabolic  branches  j9j/. 

In  the  fig.  816,  the  orlnta  circular,  elliptic,  parabolic,  and  hyper- 
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an  OMfiMirily  nDnMnted  at  bdi^  an  is  th» 

must,  however,  be  ppderitood,  that  so  ftr  aa  anj 
impoaed  upon  them  by  the  law  of  gtmfitatkNi,  they  nay  awaulf 
be  ia  any  planea  whatever,  ioelined  eaoh  to  the  other,  at  wmjm^ 
whatever,  from  0^  to  90^,  with  their  matoal  interaeetilRi  er  iMiif 


nodes  in  any  direction  whatever,  and  that  the  bodiaa  nay  moipiii 

these  aevend  orbits,  in  any  diieeCioiia,  how  opposed  OTSserlf  liijik 

other.  ■  ;M- 

8007.  FtaneU  obterve  m  Aeir  fnotunu  anhr  moi  «HseflBd%4l 

law  of  gravitafitm. — When  the  theory  of  mvitatioii  waainti» 
poonaed  by  its  illustrions  aathor,  no  other  bodies,  sava  &a  ^fiif^ 
and  satellites  then  discovered,  were  known  to  move  paisr  J^iyi^ 
flneooe  of  snob  a  oentral  attraetion.  These  bodies, 
plied  no  example  of  the  ^lay  of  that  oelebfated  thaofyiBJkt 
utitode.  They  obeyed,  it  is  tme,  its  laws,  bat  tlMj  did  pplkl^ 
Thev  displayed  a  degree  of  harmony  and  order  fiur  oaBpoannf  ||i 
the  law  of  gravitation  exacted.  Permitted  by  that  lacw  temi^ 
any  of  the  three  classes  of  conio  sections,  their  patlis  vna^nC 
sively  elliptical;  permitted  to  move  in  ellipses  innnitelT  vasisnii 
their  eocentricities,  they  moved  exclaavdy  in  snob  sa  di&red  dsMl 
insensibly  from  circles;  permitted  to  move  at  distances  auboidiaslid 
to  no  regular  law,  they  move  in  a  series  of  orbits  at  dintsntws  W 
creasing  in  a  regular  progressioa ;  permitted  to  move  at  all  eoaad^ 
able  angles  with  the  plane  of  the  ecliptic,  their  paths  are  inslinsd  ll 
it  at  angles  limited  in  general  to  a  few  degrees;  permitted,  in  ls% 
to  move  in  either  direction,  they  all  agreed  in  moving  in  the  ^zsflte 
in  which  the  earth  moves  in  its  annua]  course. 

Accordance  so  wondrous,  and  order  so  admirable,  ooold  not  hi 
fortuitous,  and,  not  being  enjoined  by  the  conditiona  of  the  kwrf 
mvitation,  must  either  be  ascribed  to  the  immediate  diotatesofth 
Omnipotent  Architect  of  the  universe  above  all  general  laws^flrlp 
some  general  laws  superinduced  upon  gravitation,  which  had 
the  sagacity  of  the  discoverer  of  that  principle.     If  the 

position  were  adopted,  some  bodies,  different  in  their  ph^ 

racters  from  the  planets,  primary  and  secondary,  and  playing  dife^ 
ent  parts  and  fulfilling  different  functions  in  the  economy  of  tb 
universe,  might  still  be  found,  which  would  illustrate  tha  plsy4 
gravitation  iu  its  full  latitude,  sweeping  round  the  sun  in  aliftitf 
of  orbit,  eccentric,  parabolic,  and  hyperbolic,  in  all  planes^  at ' 
distances,  and  indifferently  in  both  directions.  If  the  latter  Sflfp^ 
sition  were  accepted,  then  no  other  orbit,  save  ellipses  of  SSmI 
eocen>ricity,  with  pianos  coinciding  nearly  with  that  ^  the  ctiljplS 
would  be  physically  possible. 

3008.  Comets  observe  no  such  order  in  their  mo/toiM, -— Hi 
theory  of  gravitation  had  not  long  been  promolgatod,  nor  aali^ 
^n  generally  accepted,  when  the  meanaof  ita  further      *'-  -— 
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nre  lODgbt  in  tbe  motion  of  comets.  Hitherto  these  bodies  had 
ien  regarded  as  exceptional  and  abnormal,  and  as  being  exempt 
itogether  from  the  operation  of  the  law  and^  order  which  prevailed 
B  a  manner  so  striking  among  the  members  of  the  solar  system. 
b  fittle  attention  had  been  given  to  comets,  that  it  had  not  been 
srtunly  ascertained  whether  they  were  to  be  classed  as  meteoric  or 
anieal  phenomena ;  whether  their  theatre  was  the  regions  of  the 
tBCW|^ierey  or  the  vast  spaces  in  which  the  great  bodies  of  the  uni- 
ene  move.  Their  apparent  positions  in  the  heavens  on  variouH 
Bsaaioiis  of  the  appearances  of  the  most  conspicuous  of  them,  had 
Bvertheless  been  from  time  to  time  for  some  centuries  observed 
sd  recorded  with  such  a  degree  of  precision  as  the  existing  state 
F  aatronooical  science  permitted ;  and  even  when  their  places  were 
oi  astrooomically  ascertained,  the  date  of  their  appearance  was  gene- 
iDy  preserved  in  the  historic  records,  and  in  many  cases  the  con- 
taUatkms  through  which  they  passed  were  indicated,  so  that  the 
Mans  of  obtaining  at  least  a  rude  approximation  to  their  position 
1  tfie  firmament  were  thus  supplied. 

8009.  They  move  in  conic  sectwnSf  with  the  tun  for  thefocut.  — 
oeh  observations,  vague,  scattered,  and  inexact  as  they  were,  sup- 
Bfldy  however,  data,  by  which,  in  several  cases,  it  was  possible  to 
mnpate  the  real  motion  of  these  bodies  through  space,  their  posi- 
iona  in  relation  to  the  sun,  the  earth,  and  the  planets,  and  the 
■tiis  they  followed  in  moving  through  the  system,  with  sufficient 
pproximate  accuracy  to  conclude  with  certainty  that  they  were  one 
r  other  of  the  conic  sections,  the  place  of  the  sun  being  the  focus. 

This  was  sufficient  to  bring  these  bodies  under  the  general  opera- 
ioD  of  the  attraction  of  gravitation. 

It  still  remained,  however,  to  determine  more  exactly  the  specific 
haracter  of  these  orbits.  Are  they  ellipses  more  or  less  eccentric  ? 
r  parabolas  7  or  hyperbolas  ?  Any  of  the  three  classes  of  orbits 
mid,  as  has  been  shown,  be  equally  compatible  with  the  law  of 
nvitadon. 

8010.  Difficulty  of  ascertaining  in  what  species  of  conic  section 
eomei  moves,  —  It  might  be  supp>osed  that  the  same  course  of  ob- 

snration  as  that  by  which  the  orbit  of  a  planet  is  traced  would  be 
Ntlicable  equally  to  comets.  Many  circumstances,  however,  attend 
lis  latter  class  of  bodies,  which  render  such  observations  impoesi- 
le,  and  compel  the  astronomer  to  re9ort  to  other  means  to  determine 
leir  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  view  each 
r  liie  other  planets  of  the  system  throughout  nearly  the  whyle  of 
8  course.  Indeed,  there  is  no  part  of  the  orbit  of  any  planet  in 
hiehy  ai  some  time  or  other,  it  may  not  be  seen  from  the  earth. 
iTcry  point  of  the  path  of  each  planet  can  therefore  be  observed ; 
iid|  although  withoat  waiting  for  such  observation^  its  course  might 
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ncd,  yet  it  is  material  bcro  (o  attend  to  tlie  fnet,  tliat  the 
it  niny  be  submitted  to  direct  obBervation.  Tbe  diffcreDt 
30,  present  peculiar  features,  by  which  each  may  be  dis- 
.  Thus,  as  baa  been  eiplflined,  they  arc  observed  W  be 
)odic3  of  various  mngnitudeB,  Their  surfaces  are  marled 
r  modes  of  light  and  sfaade,  which,  altboogb  variable  cod 
till,  in  eflcb  case,  possess  some  prevailing  aud  permanent 

by  wbich  the  "'      -ity  of  the  object  may  ba  established, 

there  no  oi'       ^.acs  of  determining  it. 

planets,  comets  do  not  present  to  us  those  iodiTidiul 

^one  of  them  have  been  SBtisfactorily  Mcertained  to  be 
lodiea,  nor  indeed  to  have  any  definite  shape.    It  is  ccrtiiii 
'  of  them  posKCsa  no  solid  matter,  but  are  masses  con- 
some  nearly  transparent  substances;  others  are  so  anr- 
■iih  this  apparently  vaporous  matler,  that  it  is  impossible, 
!ans  of  observation  which  we  possess,  to  diseoTer  whether 
r  enshrouds  within  it  any  solid  muss.     Tbe  same  vapoar 
:s  envelopes   the   body   (if  such  there  be  within   it)  also 
roni   us  ita  features  and  individual  character.      Even  tbe 

Ihtt  wUflh  it  pBiiBn  tittr  it  tmam  to  ba  rinble,  vonld  bo  u  c•1^ 
tUDly  ind  pnoMl^  known  u  if  it  conU  be  tnoed  by  direct  obaer- 
ntion  tkiOBghout  ita  enttn  orbit 

soil.  Hfperbotic  a*d  panAetie  oawttU  m€  ptriodie. :—  If  it  be 
■Hotabed  iMt  the  era  in  wliieh  the  comet  movee  while  it  is  visible 
if  firtof  ta  hrarbob,  ndi  Hjray,  it  will  be  ioferred  that  the 
eoneti  WMiag  mm  kum  indefioitelT  dittuit  r^os  of  the  onivene, 
1m  Bitoed  the  ejetem  in  n  eeitun^iliraction,  k'A,  which  can  be 
oAimA  from  the  Tinble  ere  gagf  "  *bat  it  nut  deput  to 
eindMC  imJeSnitelj'  dutant  r^oa  of-Uie"£AiTene  following  the 
ftce^ea  h  h',  yihitih  ia  alio  aieeriuoed  from  the  Tiubla  a^  g  ag. 

If,  on  the  other  bind,  it  be  eeccrteined  that  the  TinUe  an,  luah 
u  / 1  jf'i  i>e  part  of  a  peiabola,  tben,  in  like  manner,  bj  the  pro- 
peiiiei  of  that  carve,  it  will  follow  that  U  entered  the  ayitem  coming 
bom  QD  iD(lc6Diic1;  distant  region  of  tiie  nniTene  in  a  certain  dt- 
rection  p' p,  which  can  be  iofored  from  the  viaibla  an  j/ a^,  and 
tlimt  after  it  ceases  to  be  liable,  it  will  iatne  from  tbe  Bjatem  in 
another  determinate  direotioa,  pfl,  penilel  to  that  wh)oh  it  entered. 

The  tiriucij  in  neither  of  theee  ceaes,  wonld  bare  a  periodio  cha- 
.  taeter.  It  wonld  be  analogooa  to  one  of  tboee  occaBional  meteota 
wbidi  are  seen  to  (hoot  aeroas  the  firmament  never  again  to  reip- 
pnr.  Hie  bodj,  arriving  from  lome  distant  i^on,  and  ooming, 
at  wntld  appear,  foTtailooaly  withib  the  aolar  attraction,  ia  drawn 
fioM  ita  eoarae  into  the  liy perbolio  or  Daiabolio  path,  wbioh  it  ia 
tmm  to  pnnB«^Bnd  escapee  from  the  aoiar  attiaetioo,  iaauing  from 
the  i^vlem  never  to  return.  Tbe  phenomenon  wonld  in  each  case 
ba  ooOMiobal,  and,  in  a  certain  Bense,  accidental,  and  the  body  could 
Mt  ba  add  prnierly  to  belong  to  the  ajstem.  So  &r  as  relates  to 
tta  fltmtet  itaalf,  the  phenomenon  would  consist  in  a  change  of  ihe 
iliMiilinn  ef  its  eonne  tbtongh  tbe  nniTcrae,  operated  \ij  tb  tempo- 
an  MtMMi  of  aokr  gnvity  upon  it 

sols.  EB^He  comttt  penodie  like  Ae  pftmeft.  —  Bat  the  case  is 
TBT  diSmnt,  the  tie  between  tbe  comet  and  the  system  much  more 
lanipatn,  and  the  interest  and  physical  imporlanee  of  the  body 
IniMnndentl^  greater,  when  the  an,  aoch  as  ^a^,  proves  to  be 
part  of  aa  dlipse.  In  that  ease  the  invisible  part  of  Uie  orbit  being 
bfitni  from  the  visible,  the  major  axis  a  bI  wonld  be  known.    The 


Id  positii  tbe  periodio  character,  making  saocessive  revo- 
JaiiaM  Kka  we  planets,  and  retoniiog  to  perihelion  a  after  the 
wagK  pwiodio  tiBM^  which  oould  be  inferred  by  tbe  barnoiiio  law 
BO*  IIm  tnnitnde  of  ita  major  axis. 

JJBBh  a  Mjf  would  then  not  be,  like  those  which  follow  hyper- 
Ijfi&.ar  Mtamie  paths,  an  occasional  visitor  to  the  system,  con- 
mifjilljd  wnh  it  b7  no  permanent  rohtion,  and  snbjcot  to  solar  grsvi- 
i^Sm.  **^y  ■eeidantally  and  temporarily.  It  would,  on  tbe  contrary, 
Wjpjpiin|iiat.  if  not  aa  stncUy  regnlai,  a  momher  of  the  aystom 
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;he  pkneU,  though  invested,  as  will  prcfiently  appetr,  witk 

ely  different  phyaiiMi!  cliaracter. 

ibcrcfure,  be  ea»iij  conceived  with  what  profoand  iaterest     | 

ire  regarded  before  the  theory  of  gravitation  had  been  fet 

abliabed  or  generally  accepted,  and  while  it  wu,  so  to    | 

in  its  trial.     Tbese  bodies  were,  in  fact,  looked  for  ui  At 

whose  testimony  must  decide  its  fate. 

Dijiculliej  atlenf/ing  ihe  anafysU  n/aimftari/  mofunu.— 

e  to  a  satisfactory  and  conclusive  analysis  of  tbeir  motiOBt. 
ses  rendered  the  observations  upon  tbeir  apparent  pluta 
mber  and  deficient  ia  precision.      The  tKsgag.^a^, 
i"  of  the  three  classes  of  orbit,  in  any  of  which  they  mi^t 
]oiit  any  TioUtion  of  the  law  of  gravibition,  were  wtj 
ucident  in  the  neighbourhood  of  the  place  of  perihelion  0. 
r  example,  in  almost  all  the  cases  which   presented  ihem- 
is&illc    to   conceive   three  different  curves,  so    ecoentrie 
Qhas  aba  I',  a  parabola,  such  as  j/ p a,  and  au  bypM^ 
1   as  A' A  a,   so    related   that   the   arcs  g  ag,  g'  a  ^,»oA 
ould  not  deviale  one  from  another  to  au  extent  exceeding 
iDevitahle  in  cometary  observations.     Thus  any  one  of 

•  f .  aad  ttoald  iirin  It  ito  panhaHoB  at  ttowtlj  tin  nma  point 
i  after  wcaetly  oqiul  internls. 

V,  althoaph  (ha  dirtarbing  aotiona  of  tha  planets  near  whioh 
ffa-piML  in  daparting  bom  and-fatanung  to  the  bud,  muat  be 
ttad  to  be  moob  more  anuidanbla  than  vhen  one  planet  acta 
-  -'«!.••  waUb  -  •  ■  '^--  ■ 


•  eoiBa^  aa  of  tha  mat  eeoeotrieity  of  ite  orbit,  wbii 
jMtBallr  or  naarij  intenaota  tha  p^ba  ot  mwml  plai 
U^  tfcoM  of  the  laiger  tnw^  jrt  atiU  andi  plaiNtaiT  attrae- 
tin  mbr  dntulMnee^  and  cannot  be  mppoaed  to  eboe  tbat 
IJIar  vbiA  the  orbit  reeuToe  from  tbe  predomuumt  (bice  of 
mmtum  man  of  Ibe  aan.  While,  tberalrore,  we  mqr  be  pre- 
Jbr  the  poaaibility,  and  even  tbe  probabilitj,  tbat  ibe  laoe 
M  «amat,  oo  tha  oaeaaion  of  ila  anoeeann  reeppeaianoea,  may 
r,B  fatb  O^^sf  in  pawns  to  and  tnm  ita  perilielion,  diflbriog 
fit  jfxtMt  tttm  that  wbiob  it  lud  followed  on  pnnoaa  appear- 
bjirtin  the  main  aneb  diSennaea  oaonot,  except  in  tare  and 
■Hul  eaiai^  be  very  eonaiderabla,  and  for  the  same  reason  tbe 
nb  between  its  sUocessiTe  periods,  tboogh  they  may  differ, 
if  "ba  Bobjeot  to  any  very  great  variatioD. 
^  Jmodieitg,  amtbin^  wiA  Ae  identity  o/the  paAt  inhth 
'^  otabiiihtM  idemlUg. — If  than,  on  examining  tbe  rariona 
ta  vhoaa  appeaiancas  hsTO  been  recorded,  and  wbooe  plaess 
!  vqble  have  been  obMrved,  and  on  compnUng  from  the  appi^ 
■hees  tbe  are  of  the  orbit  throogh  whioh  they  mored,  it  be 
Tflut  two  or  more  of  them,  while  visible,  moved  in  the  asnw 
laamptien  will  be  ^mt  these  were  the  same  body  re^p- 
r  ttaving  completed  its  motioo  in  an  elliptio  orbit ;  nor 
preanmption  «  identity  be  hastily  rejected  becaose  of 
A  ot  any  disorepanoies  between  the  observed  paths,  tx 
■bqmdityaflhe  intervals  between  its  snoces^ve  re-appaamoces, 
«  V  ioeb  discrepancies  oan  birly  be  ascribed  to  the  posnble 
fiflidBa  prodnoea  by  planets  which  the  oomet  might  have  en- 
mil  in  ita  path. 

yt,  Mat^  comeU  twrded — /eio  ohteriKd.  —  Man^  eometa, 
tf^,  )am  been  recorded,  but  not  obtervej.  Historians  have 
■1^^  and  evea  described  their  appearances,  and  in  some  caseo 
ftdmted  the  chief  constellations  throagh  which  SQoh  bodies 
^  althongfa  no  observatiooa  of  their  apparent  places  have  been 
pUed  by  which  any  close  approximation  to  their  aotnal  paths 
'be  maiu.  Ifevertneless,  even  io  these  oases,  some  cine  to 
MmtjBrarifin  is  supplied.  The  intervals  between  their  sppear- 
'.liha»  ia  a  highly  probable  teat  of  identity.  Thos  if  comets 
gUjiUariy  recorded  to  have  >f  pearad  at  intervals  of  fifty  yean 
IWBilWii  affiinling  evidence  of  the  divarnty  of  tbeae  objaots), 
jipl^  b«B*WBad,  with  a  hq;h  degree  of  proifaatnlkj.U)  \m 
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xsBiva  retntoa  of  bd  elliptic  comet  tuving  that  hitcmluila 

.    Climijiralion  of  the  ermelary  orhitt.  —  Tbe  Bpp«aranM 
t  400  comuis  had  been  recorded  id  tbe  aonals  of  rarieM 
la  before  the  end  of  the  Bcvenleenlh  ceolurj,  the  epoch  ng- 
Irj  tlic  disporeries  and  researcbes  of  Newton.    In  mostcui^ 
r,  the  only  circumslaDco  recorded  was  ihe  appearance  of  tU 

?  fen  ca!;ea,  tbe  constellntionB  through  which  the  object  paMl) 
lYcly,  with  the  necessarj  dHtc.",  are  nienlioncJ,  and  in  soa^ 
till,  observations  of  a  rough   kind  have  been   handed  doMC 
uch  scnnty  data,  esgerly  sought  for  in  the  works  preserred  li 
t  countries,  sufficient  materiuls  have  been  collected  &ir  iN) 
ati™,  wiih  more  or  less  approximation,  of  the  eJcmeots  4( 
its  of  flbuut  silly  of  the  400  cornels  above  meniiooed. 

rs  have  been  more  active,  and  hare  bad  the  comoiaDd  vk 

.ents   of  considerable   nnd   constantly  increasing   power;  m 
ery  comet  wbicb   has  been  visible  from   iho  northern  hemi 

U.  Gnck^  of  Berlin  sacoceded  io  cnlculoting  its  eolira 
erring  the  inviBible  from  the  visible  part  —  and  found 
riod  was  about  twelve  huudred  dajn.  This  calculation 
1  bj  the  fact  of  its  return  in  1822,  siuce  nbich  time 
hu  gone  bj  the  name  of  Encki't  cornel,  and  returned 

M  asked,  How  it  could  have  happened  that  a  comet  which 
:volution  in  a  period  so  short  as  three  jeare  and  a  quarter, 

have  been  obKired  until  bo  recent  an  epoeh  as  1818  ? 
plained  by  the  fact  that  the  comet  is  m  small,  and  its 
«ble  even  when  in-  the  most  fevoorable  position,  tbat  it 
1  seen  by  the  aid  of  the  telescope,  and  not  even  with  this, 
let  oertain  conditions  whidi  are  oot  fulfilled  on  the  oa- 
Bvery  perihelion  passage.  NeTerlhelesa,  the  comet  was 
a  three  former  occasions,  and  the  general  elements  of  its 
ded,  although  its  elliptic,  and  consequently  periodic  oha- 

not  leoognised. 

paring,  however,  the  elements  then  observed  with  those 
let  now  ascertained,  no  doubt  can  be  entertained  of  their  ' 

't^  of  ihe  element*  of  the  orhit.  —  In  the  following  tabte 
iie  elements  of  the  orbit  of  this  comet,  as  computed  from 
ttions  made  upon  it  at  each  of  its  three  appearancea  in 
5,  and  1805,  before  its  periodic  character  was  discovered, 
sksven  subsequent  appearances  up  to  1852. 

TABLE  I. 
Elements  of  the  Orbit  of  Enckfi's  Comet  to  1862. 
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tioD  of  tbia  comet  is  direct;  and  its  period  in  1852  was 

ears,  which  is  subject  to  a  slight  variation. 

TJdent  that  between  1786  and  1796  there  were  twoy 


484  ASTBOSOIfT. 

befcimn  1795  and  1805  iwis  aad,  in  fn^  IwtwMi  1805  aaiUU 
tbreei  onolMerTed  ratans  Id  peiilMdioii. 

It  appetn,  therefore,  thaly  ezoeptiiig  the  oral  ftm  ef  tihe  «U^ 
the  motioQ  of  this  body  diffisn  in  nothing  fron  that  of  a  pliMk 
whoee  mean  distance  from  the  son  is  that  <?  the  neanat  of  Iha 
netoids.  Its  eooentrieitY  is  snch|  howeyer,  that  when  in  ^ 
it  is  within  the  orbit  of  Merenrj,  and  when  in  a|»heHoB  itk 
the  most  distant  of  the  pkneUnds^  and  at  a  '*"'^~yir  ftoas  Aaa 
eqnal  to  foor-fiflha  of  that  of  Jnpiter. 

8020.  Indicatiom  of  the  ^jfiei9  of  a  rmtiimg  mm 
altogether  anomalodii  in  the  motions  of  the  bodiea  cf  Iha 
system,  and  indicating  a  eonaeonenos  of  Iha  hjrhwt  yImUl  i» 

portancoi  has  been  disdosed  in  the  ohaaralioQ  dTlha  r  ' '^^ 

eomet  It  has  been  fbond  that  its  periodie  tinei  sad 
ita  mean  distanooi  nndergoea  a  alovy  flnidnal»  and  vagKemAf 
decrease.  The  deoreaae  is  small^  out  nel  al  aU  waaartl 
amonoted  to  abont  a  day  in  ten  reToIntiona,  a  qnantiij  wUi 
not  by  any  means  be  placed  to  the  aeooant  aitlier  of  ttmn  af 
Tation  or  of  caloulation;  and,  bosjdas^  this  inowaaa 
whereas  errors  would  afieot  the  result  sometimes  one  way  and 
times  the  other.  The  period  of  the  oomet  between  1786  and  179S 
was  1208^  days;  between  1795  and  1805  it  was  1207A  dsji; 
between  1805  and  1819  it  was  12077^^  days;  '^^  ^^^  itwm  1^ 
days ;  and,  in  fine,  in  1852  it  was  1204  days. 

The  magnitude  of  the  orbit  thus  constantly  deoreaainc  (Cor  tit 
cube  of  its  greater  axis  must  decrease  in  the  same  proportion  as  ^ 
square  of  the  period),  the  actual  path  followed  by  the  comet  aait 
be  a  sort  of  elliptic  spiral,  the  successive  coils  of  which  aremy  ckw 
together,  every  successive  revolution  bringing  the  comet  nearer  ssd 
nearer  to  the  sun. 

Such  a  motion  could  not  arise  from  the  disturbing  action  of  tW 
planets.  These  forces  have  been  taken  strictly  into  aooonnt  in  tW 
computation  of  the  cpbemerides  of  the  comet|  and  there  is  A 
found  this  residual  phenomenon,  which  cannot  be  placed  to  tkii 
account,  but  which  is  exactly  the  effect  which  would  arise  from  an 
physical  agency  by  which  the  tangential  motion  of  the  comet  voall 
be  feebly  but  constantly  resisted.  Such  an  agency,  by  diminidbil 
the  tangential  velocity,  would  give  increased  efficacy  to  the  nhi 
attraction,  and,  consequently,  increased  curvature  to.  the  comet's psA; 
so  that,  after  each  revolution,  it  would  revolve  at  a  lesa  dtstnti 
from  the  centre  of  attraction. 

3021.  The  luminiferout  ether  would  produce  Wkch  an  efitL"^ 
It  is  evident  that  a  resisting  medium,  such  as  the  luminiferons  sthff 
(1225)  is  assumed  to  be  in  the  hypothesis  which  forma  the  hasiirf 
the  undulatory  theory  of  light,  would  produce  joat  anoh  a  phtft* 
menooi  and,  accordingly,  the  motion  of  thia  comet  ia  ttffxM  v* 


r 
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itfoog  eri&iiea  tending  to  oonTert  ibifc  hypothetical  floid  into  a  real 
|fcjneil  acnit. 

B  raikiaiiii  to  be  eeen  whether  a  like  phenomenon  will  be  de- 
fdoped  io  the  motion  of  other  periodic  comets.  The  discovery  of 
then  bodies,  and  the  obeerration  of  their  motions,  are  as  yet  too 
leeent  to  eiukble  astronomers,  notwithstanding  their  greatly  mul- 
tiplied innnber,  to  pronounce  decisively  npon  it, 
S022.  Oowuti  vxmid  vkimateiy  fall  into  the  tim.  —  If  the  ex- 
» of  this  reabting  medium  ahonld  be  established  bv  its  observed 
OD  eemets  in  general,  it  will  follow  thaL  after  the  lapse  of  a 
tine  (many  ages,  it  is  true,  but  still  a  definite  interval),  the 
wBl  be  Bucoeesively  abeorbed  by  the  sun,  unkn,  as  is  not 
jfsobnbtoi  they  should  be  previouslv  vaporiied  by  their  near 
'  to  the  iolar  fires,  and  should  thus  be  incorporate  with  hb 


■Wh^  Khe  effeeti  are  not  manifuted  xn  the  motion  of  the 
■Hwsft  It  may  be  asked,  If  the  existence  of  a  resisting  media  m 
DS  ajhsittad,  whether  the  same  ultimate  fate  most  not  await  the 
phaelif  To  this  inquiiT  it  may  be  answered  that,  within  the 
nte  of  pa^t  astronomical  record,  the  ethereal  medium,  if  it  exist, 
Ini.hnd  no  sensible  efiect  on  the  motion  of  any  planet.  That  it 
■^1  ha^  a  perceptible  efiect  upon  comets,  and  vet  not  upon 
phaeta,  will  not  be  surprising,  if  the  extreme  lightness  of  the 
esnets  compared  with  their  bulk  l)e  considered.  The  efiect  in  the 
two  oaann  may  be  compared  to  that  of  the  atmosphere  upon  a  piece 
cf  swan's  down  and  upon  a  l^en  bullet  moving  through  it.  It  is 
eeriatb  that  whatever  may  be  the  nature  of  this  resisting  medium, 

*  la  the  efforts  hj  which  the  knman  mind  laboare  alter  troth,  it  is  curious 
to  observe  how  often  that  denred  object  is  stumbled  upon  bj  accident,  or 
anived  at  hy  reasonhiff  which  is  fidae.  One  of  Newton's  ooqjeetures  re- 
lyenflna  eomets  was,  that  they  are  '*  the  aliment  by  whieh  sons  are  ens- 
triaad  y*  wmA  he  therefore  concluded  that  these  bodies  were  In  a  state  of 
pnpMsive  deoline  npon  the  suns,  round  which  they  respectively  swept; 
sad  that  into  these  snns  they  from  time  to  time  feU.  This  opinion  appears 
Is  have  been  ehsriahed  Vy  Newton  to  the  latest  hours  of  his  Wtt :  be  not 
«4y  eoDSigned  it  to  his  immortal  writings ;  but,  at  the  age  of  eighty-three, 
a  eoisveseatioB  tools  place  between  him  and  his  nephew  on  this  subject, 
wkiek  has eesw  down  to  ns.  "I  cannot  say," said  Newton,  *<  when  the 
essael  ef  1C80  will  fldl  into  the  sun :  possibly  after  five  or  six  revolutions ; 
bvt  whenever  that  time  shall  arrive,  the  heat  of  the  sun  will  be  raised  by  it 
te  soeh  a  pdnt,  that  our  globe  will  be  burnt,  and  all  the  animals  upon  it 
wHI  perisL  The  new  stars  observed  by  Hipparehus,  Tycho,  and  Kepler, 
■wl  kave  prooeeded  fnm  such  a  cause,  for  it  is  impossible  otherwise  to 
esplaia  th«r  sadden  splendour."  His  nephew  then  asked  him,  **  Why, 
vkssi  he  stMbKi  in  his  writings  that  comets  would  fall  into  the  sun,  did  he 
not.  also  state  those  vast  fires  thev  must  produce,  as  he  supposed  they  had 
deae  la  the  stars  f*  —  **  Because,^'  replied  the  old  man,  *'  the  coTi^K\i;t«AiQxyik 
iftte  'nm  eaneem  w  a  Utile  mare  directly.  I  have  said,  Viow^iqt;'  ^^<^ 
A^  smiUa^  "enough  to  eaable  the  world  to  colleot  my  o^n\on." 

41  * 


■ 
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,  for  many  hundred  jeara  to  como,  produce  Uie  slightest 

1  effect  upon  the  motions  of  the  planets. 

'.'orrected  estimate  of  the  mast  of  Mercury.  —  The  maaes 

of  the  gmnllest  of  the  planets;  bo  much  so,  indeed,  u  to 
tpreeiable  ratio  to  them.  A  conseqnence  of  this  is,  that 
.effects  of  ibeir  attraction  upon  the  planets  are  altogether 

the  disturbing  effecU  of  the  masses  of  the  planel«  upas 

)  movement  of  the  pith-ball  in  the  balance  of  torsion  sn]v 
Dsure  of  the  pbjsiail  forces  to  which  that  inatrament  ii 

1  comet  near  ita  perihelion  passes  near  the  orbit  of  Mer- 
nbeu  that  planet  at  the  epoch  of  its  perihelion  happens 
the  same  poiot,  n  considerable  and  meaanrablc  disturbance 

tfd  in  the  comet's  motion,  which  beiog  observed  supplies 
of  the  planet's  mass. 

Qibinatioa  of  the  motions  of  the  planet  and  comet  look 

;r  very  fuvonrable  circumslaoces,  on  the  ocension  of  the 
pasMg^^h^omc^^SSMh^gaulWj^hich^fr 
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This  comet  had  been  observed  in  1772  and  in  1806 ;  but  in  the 
elliptic  form  of  its  orbit^  and  consequently  its  periodicity,  was  not  dis- 
eoTered.  Its  return  to  perihelion  was  predicted  and  observed  in  1832, 
in  1846,  and  in  1852 ;  but  that  which  took  place  in  1838  escaped 
observation,  owing  to  its  unfavourable  position  and  extreme  faintness. 

The  elements  of  the  orbit,  deduced  from  the  observations  made 
00  each  of  its  appearances  to  1846  inclusive,  are  given  in  Table  II. 
We  have  not  yet  obtained  calculations  of  its  elements  from  obser- 
vations made  in  1852.  It  was  first  seen  in  that  year  by  Professor 
Seechi  at  Home,  on  September  16th,  and  continued  to  be  seen  for 
three  weeks.  It  was  preceded  in  right  ascension  about  two  minutes 
of  time  by  a  still  fainter  comet,  whose  real  distance  from  it  must 
have  been  about  a  million  and  a  quarter  of  miles. 

TABLE  II.  • 
Elements  of  the  Orbit  of  Biela*8  Comet  to  1846. 
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3026.  PosnhiUty  of  the  collision  of  Biela's  comet  with  the  earth. 
—  Ope  of  the  points  at  which  the  orbit  of  Biela's  comet  intersects 
the  plane  of  the  ecliptic,  is  at  a  distance  from  the  earth's  orbit  less 
than  the  sum  of  the  semi-diameters  of  the  earth  and  the  comet.  It 
follows,  therefore  (2905),  that  if  the  comet  should  arrive  at  this 
poiot  at  the  same  moment  at  which  the  earth  passes  through  tbo 
p(nnt  of  its  orbit  which  is  nearest  to  it,  a  portion  of  the  globe  of  the 
earth  must  penetrate  the  comet. 

It  was  estimated  on  the  occasion  of  the  perihelion  passage  of  this 
comet  in  1832,  that  the  semi-diameter  of  the  comet  (that  body  being 
nearly  slobnlar,  and  having  no  perceptible  tail)  was  21,000  miles, 
while  the  distance  of  the  point  at  which  its  centre  passed  through 
the  plane  of  the  ecliptic,  on  the  29  th  of  October  in  that  year,  from 
the  path  of  the  earth  was  only  18,600  miles.  If  the  centre  of  the 
earth  happened  to  have  been  at  the  point  of  its  orbit  nearest  to  the 
oentre  of  the  comet  on  that  day,  the  distance  between  the  centres 
of  the  two  bodies  would  have  been  only  18,600  iniles,  while  the 
semi-diameter  of  the  comet  was  21,000  miles ;  and  Ibe  eiem\-^\;)Lm^\&x 
dT  the  earth  beiogj  in  round  numbers^  4000  nulea,  \t  wouXdi  iOXo^ 
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cb  a.  coatiDgency  the  earth  would  hare  planged  '0)0% 
he  depth  of 

21,000  +  4000  —  1S,C00  =  6400  milcF, 
eecding  threo-fourtiia  of  tbe  earth's  dianioter. 
ssibility  of  such  a.  catastrophe  having  been  rnmoared,  ■ 
i!»r  nlartn  was  excited  before  the  expected  relnrn  o(  ibt 
1832.     It  wag,   liowcTer,  phowa  thai  on  the  29th  Oc- 
urth  would  ho  nbout  Ato  milliona  of  luilea  from  the  poiot 
and  that  on  the  arrival  of  the  earth  at  that  point  lie 
Id  have  moved  to  a  still  greater  distanco. 
Rcsolation,  of  Bxfla't  cornet  into  tteo.  —  One  of  tbe  most 

at  occasLOD  seen  to  resolve  itself  into  tiro  distinct  eoiset^ 
111  the  latter  end  of  December,  1845,  to  the  epoch  of  ila 
ncc  in  April,  1846,  moved  in  distinct  and  independent 
lie  paths  of  thcae  two  bodies  were  in  such  optical  jttWi- 
.■.t  both  were  always  aeon  together  in  the  6elJ  of  vieir  of 
ipc,  nnd  the  greatest  TJsunl  ntiglo  between  tbcir  centra 
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16th.  After  this  the  oompanion  gndaally  faded  away,  and  disap- 
wared  previoiislj  to  the  final  disappearaQoe  of  the  original  comet  on 
^nd  April. 

It  was  observed  also  that  a  thin  Inminons  line  or  are  was  thrown 
icrofis  the  space  which  separated  the  centres  of  the  two  nuclei,  espe- 
lally  when  one  or  the  other  had  attained  its  greatest  brightness, 
he  aro  appearing  to  emanate  from  that  which  for  the  moment  was 
he  brighter. 

After  the  disappearance  of  the  oompanion,  the  original  comet 
hiew  ont  three  faint  tails,  forming  angles  of  120^  with  each  other, 
me  of  which  was  directed  to  the  place  which  had  been  occupied  by 
he  companion. 

It  is  suspected  that  the  feint  comet  which  was  observed  by  Prof. 
~i  to  precede  Biela's  comet  in  1852,  may  have  been  the  com- 


Mnion  thus  separated  from  it,  and  if  so,  the  separation  must  be 
IMrmanent^  the  distance  between  the  parts  being  greater  than  that 
vhieh  separates  the  earth  from  the  sun. 

8029.  Fayt'%  comet.'-On  the  22nd  November,  1843,  M.  Faye, 
if  the  Paris  Observatory,  discovered  a  comet,  the  path  of  which 
iOOD  appeared  to  be  incomps^tible  with  the  parabolic  character.  Dr. 
Gk>ld8chmidt  showed  that  it  moved  in  an  ellipse  of  very  limited 
iimenaions,  with  a  period  of  7i  years.  It  was  immediately  ob- 
served as  being  extraordinary,  that,,  notwithstanding  the  frequent 
petorns  to  perihelion  which  such  a  period  would  infer,  its  previous 
ippearances  had  not  been  recorded.  M.'Faye  replied  by  showing 
that  the  aphelion  of  the  orbit  passed  very  near  to  the  path  of 
Jupiter,  and  that  it  was  possible  that  the  violent  action  of  the  great 
Buus  of  that  planet,  in  such  close  proximity  with  the  comparatively 
light  mass  of  the  comet,  might  have  thrown  the  latter  body  into  its 
pieseDt  orbit^  its  former  path  being  either  a  parabola  or  an  ellipse, 
with  such  elements  as  to  prevent  the  comet  from  coming  within 
risible  distance.  M.  Faye  supported  these  observations  by  reference 
to  a  more  ancient  comet,  which  we  shall  presently  notice,  to  which 
I  like  incident  is  supposed  with  much  probability,  if  not  certainty, 
to  have  occurred. 

8080.  Re-appearance  in  1850-1  calculated  hy  M,  Le  Verrier. — 
rhe  observations  which  had  been  made  in  1843,  at  several  obscrva- 
UmeBf  but  more  especially  those  made  by  M.  Struve  at  Pultoi^a, 
vho  continued  to  observe  the  comet  long  after  it  ceased  to  be  ob- 
aerved  elsewhere,  supplied  to  M.  Le  Verrier  the  data  necessary  for 
the  calculation  of  its  motion  in  the  interval  between  its  perihelion 
in  1843  and  its  expected  re-appearance  in  1850-1,  subject  to  the 
listnrbing  action  of  the  planets,  and  predicted  its  succeeding  pcri- 
belion  for  the  3rd  of  April,  1851. 

Aided  by  the  formdso  of  M.  Le  Verrier,  Lieulenawt  SIt^IIoi^ 
^^Ut^  s  provmoiud  epbemena  in  1850^  by  wVi\c\i  ob«^x^^T% 
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coablod  more  cosily  to  detect  tbe  comet,  wVuA  -was  th* 
9)-nrv  as  tho  object  ia  exiremel;  fuint  and  smiill,  and  not 
l,cing  seen  except   by  meana  of  the  most  perfi-M  tple- 
\iy  niPiiQs  of  Ibis  ephemeris,   Professor  Cballis,  of  CiiQ- 
and   Iho  comet  on  the  night  of  the  2Sth  November  terj 
he  place  assigned  ti  it  in  the  tables.     Tito  observatioiv 
then  made  vpoa  it,  which,  however,  were  HuScJCDt  to 
Le  Vtrrier  to  give  still  greater  precision  to  bie  formaln, 
og  a  definite  numerical  value  to  a  small  quantity  nbicb 

corrected,  calculated  a  more  citensire  and  exact  epheiii»' 
ug  to  the  last  duyof  March,  uiid  published  it  iji  Jaunaij, 
le  Nautical  Aliuanack. 

net,  though  eitremely  faint  and  small,  and  eonseqnentlj 
obaervalion,  continued  lo  be  obsen.-ed  by  Professor Cballi* 
Teat  Northumberlaiid  telescope  at  Cambridge,  and  by  M. 
I'ultotra,  and  it  was  foaad  to  move  ia  exact  aecordaDM 
red  id  ions. 

Oe  V'Wi  comer  — On  the  ■22nd  August,  18-14.  M.  de 
he   Bomnn   Observatory,  discovered  a  comet  whose  orbit 

COMETS.  491 

which  M.  Villarcenux  proved  to  move  in  an  elliptic  orbit,  with 
A  period  of  about  6}  years.  The  next  perihelion  passage  of 
this  comet  will  take  place  in  the  end  of  1857,  or  the  beginning  of 
1858. 

8034.  Elliptic  comet  o/ 1743.  —  A  revision  of  the  recorded 
observations  of  former  comets  by  the  more  active  and  intelligent 
imI  of  modem  mathematicians  and  computers,  has  led  to  the  dis- 
eovary  of  the  great  probability  of  several  among  tbem  having 
revolved  in  elliptic  orbits,  with  periods  not  differing  considerably 
fipom  those  of  the  comets  above  mentioned.  The  fact  that  these 
comets  have  not  been  re-observed  on  their  successive  returns 
through  perihelion,  may  be  explained,  either  by  the  difficulty  of 
observing  them,  owing  to  their  unfavourable  positions,  and  the  cir- 
eumstance  of  observers  not  expecting  their  re-appearance,  their 
periodic  character  not  being  then  suspected ;  or  because  they  may 
have  been  thrown  by  the  disturbing  action  of  the  larger  planets  into 
orbits  such  as  to  keep  them  continually  out  of  the  range  of  view  of 
terrestrial  observers. 

Among  those  mny  be  mentioned  a  comet  which  appeared  in  1 743, 
and  was  observed  by  Zanctti  at  Bologna ;  the  observations  indicate 
an  elliptic  orbit,  with  a  period  of  about  5^  years. 

3035.  Elliptic  comet  «/1766. — This  comet,  which  was  observed 
by  Messier,  at  Paris,  and  by  La  Nux,  at  the  Isle  of  Bourbon,  re- 
volved, according  to  the  calculations  of  Burckhardt,  in  an  ellipse 
with  a  period  of  5  years. 

3036.  LexeWn  comH.  —  The  history  of  astronomy  has  recorded 
one  singular  example  of  a  comet  which  appeared  in  the  system,  made 
two  revolutions  round  the  sun  in  an  elliptic  orbit,  and  then  disap- 
peared, never  having  been  seen  either  before  or  since. 

This  comet  was  discovered  by  Messier,  in  June,  1770,  in  the 
constellation  of  Sagittarius  between  the  head  and  the  northern 
extremity  of  the  bow,  and  was  observed  during  that  month.  It 
disappeared  in  July,  being  lost  in  the  sun's  rays.  After  passing 
through  its  perihelion,  it  re-appearcd  about  the  4th  of  August,  and 
oontioued  to  be  observed  until  the  first  days  of  October,  when  it 
finally  disappeared. 

All  the  attempts  of  the  astronomers  of  that  day  failed  to  deduce 
the  path  of  this  comet  from  the  observations,  until  six  years  later, 
in  177G,  Lexell  showed  that  the  observations  were  explained,  not, 
as  had  been  assumed  previously,  by  a  parabolic  p^th,  but  by  an 
ellipse,  and  one,  moreover,  without  any  example  at  that  epoch, 
which  indicated  the  short  period  of  5  J  years. 

It  was  immediately  objected  to  such  a  solution,  that  its  admission 
would  involve  the  consequence  that  the  comet,  with  a  period  so 
short,  and  a  magnitude  and  splendour  such  as  it  exhibited  in  1770, 
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I  been  frequently  ieen  on  former  rolarns  to  perihelion; 

la  record  of  any  eucb  ippearancc  vas  found. 

Ilicsell  repliedj  bj  showing  tbat  4ho  elcnicoU  of  it«  orbit, 

Bm  the  ob.icrvBtiona  made  in  1770,  were  such,  tbat  at  iu 

Bphction'j  in  ITCT,  tho  comet  mast  have  passed  witbin  i, 

T  the  planet  Jnpitcr  fifty-eight  times  less  than  its  di?tan« 

n;   and  that  consequently  it  must  then  bavc  sui>tiiinMl 

a  from  the  great  mass  of  that  planet  more  than  three 

cnergelio  than  that  of  the  snn;  that  consequeDtly  it 

unt  of  tho  orbit  in  vbicb  it  previously  moTed  into  tite 

t  in  which  it  actually  moved  in  1770 ;  that  ita  orbit  pre- 

TGT  was,  according  to  all  probability,  a  parabola ;  aod, 

it  coneei|uently  moving  in  an  elliptio  orbit  froui  1767  to 

1  having  the  poriodieity  consequent  on  Euch  motion,  il 

inly  for  the  fret  lime  in  its  new  orbit,  and  had 

the  sphere  of  tho  eun's  attraction  before  thi» 

Ifurther  staled,  that  since  tho  comet  passed  tbroagb  iU 
Iwbich  nearly  intersected  Jupiter's  orbit,  at  intervals  (if 
Ind  it  encounlered  the  planet  near  that  point  in  1767,  tbc 
I  the  planet  being  somcnhat  above  11  year?,  tho  planet 
Igle  revolution  and  the  comet  after  two  revolutions  must 
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anomiDg  as  data  the  observatioDs  recorded  in  1770,  Laplace  showed 
thai  before  sostaiobg  the  disturbiDg  action  of  Jupiter  in  1767,  the 
eonet  mast  have  moved  in  an  ellipsCi  of  which  the  semi-axis  major 
was  13-293,  and  consequently  that  its  period,  instead  of  being  5  i 
years,  mmt  have  been  48}  years;  and  that  the  eccentricity  of  the 
cMi  was  soch,  that  its  perihelion  distance  would  be  but  little  less 
than  the  mean  distance  of  Jupiter,  and  that  consequently  it  could 
never  liave  been  visible.  It  followed  also,  that,  after  suffering  the 
fialiirbing  action  of  Jupiter  in  1779,  the  comet  passed  into  an 
dfiptie  orbit^  whose  semi-azb  major  was  7*3 ;  that  its  period  was 
eonseqiieDtly  20  years;  and  that  its  eccentricity  was  such,  that  its 
perihelion  distance  was  more  than  twice  the  distance  of  Mars,  and 
that  in  such  an  orbit  it  could  not  become  visible. 

8039.  Hemsion  of  these  researches  by  M,  Le  Verrier,  —  This  in- 
vestigation has  recently  been  revised  by  M.  Le  Verrier,*  who  has 
shown  that  the  observations  of  1770  were  not  sufBciently  definite 
and  accurate  to  justify  conclusions  so  absolute.  He  has  shown 
that  the  orbit  of  1770  is  subject  to  an  uncertainty,  comprised  be- 
tween certain  definite  limits ;  that  tracing  the  consequences  of  this 
to  the  positions  of  the  comet  in  1767  and  1779,  these  positions  are 
subject  to  still  wider  limits  of  uncertainty.  Thus  he  shows  that, 
compatibly  with  the  observations  of  1770,  the  comet  might  in  1779 
pass  either  considerably  outside,  or  considerably  inside  Jupiter's 
orbity  or  might,  as  it  was  supposed  to  have  done,  have  passed  actually 
within  the  orbits  of  his  satellites.  He  deduces  in  fine  the  following 
general  conclusions :  — 

1.  That  if  the  comet  had  passed  within  the  orbits  of  the  satellites, 
it  must  have  fallen  down  upon  the  planet  and  coalesced  with  it ;  an 

which  he  thinks  improbable,  though  not  absolutely  im- 
e. 

2.  The  action  of  Jupiter  may  have  thrown  the  comet  into  a 
parabolic  or  hyperbolic  orbit,  in  which  case  it  must  have  departed 
from  our  system  altogether,  never  to  return,  except  by  the  conse- 
quence of  some  disturbance  produced  in  another  sphere  of  attraction. 

3.  It  may  have  been  thrown  into  an  elliptic  orbit,  having  a  great 
axis  and  long  period,  and  so  placed  and  formed  that  the  comet  could 
neyer  become  visible ;  a  supposition  within  which  comes  the  solu- 
tion of  Laplace. 

4.  It  may  have  had  merely  its  elliptic  elements  more  or  less 
modified  by  the  action  of  the  planet,  without  losing  its  character  of 
short  periodicity ;  a  result  which  M.  le  Verrier  thinks  the  most  pro- 
bable, and  which  would  render  it  possible  that  this  comet  may  still 
be  identified  with  some  one  of  the  many  comets  of  short  period. 


*  See  Mem.  Acad,  des  Soienoes,  1847, 1848. 
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itnte  such  rewnrcbcB,  M.  Le  Verrier  has  given  a  teUe, 
ill  tile  pop,«ible  aysteius  of  elliptic  elements  of  short  period 

comet  wotiU!   ha»e  nneuDicd,  subject   lo  the  di»turlnDg 
upitcr  in  1 779.  and  rnking  the  observations  of  1770  within 
l)le  limits  of  error, 

her  demon  St  rules,  that  the  orbit  in  which  the  comet  moved 
ly  to  the  disturbing  action  of  Jupiter  upon  it  in  1767, 
iould  not  have  been  a  parabola  or  hjperhota,  btit  most 

an  ellipse,  whose  miijor  axis  was  considerably  less  than 
1   Laplace  deduced   from    the  iusuffiticnt  obBervations  of 
He  shows  that,  before  that  epoeh,  the  perihelion  distanto 
net  could  not,  under  any  possible  supposition,   have  ej- 
ce  times  tbe  earth's  mean  distance,  nnd  most  prohahty 
ied  between  1 J  and  2  times  that  distance ;  and   that  the 
major  of  tho  orbit  could  not  have  exceeded  4i  times  the 
■an  distance,  a  magnitude  3  times  less  than  that  ossigiwd 
e  caleulatioDS  of  lAplaee. 

'rocea  bi/  jckich  the  identijicalioa  of  pen'o/fic  comets  may 
.  — It  must  not,  however,  bo  soppo«cd  that  it  is  euffinieDl 
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•ometB  of  Faye,  De  YicOy  and  Broncn ;  tracing  back  their  tiistoriefl 
daring  their  UDseco  motions  for  three-quarters  of  a  century,  and 
aacertaining  the  effects  of  the  disturbing  aqtions  which  they  must 
aeverally  have  sustained  from  revolution  to  revolution,  uutil  he 
brought  them  to  the  epoch  of  1779.  On  comparing  the  orbits  thus 
determined  with  those  of  the  table  of  possible  orbits  of  Lcxcll's 
oomet^  he  has  shown  that  none  of  them  can  be  identical  with  it,  how- 
ever strongly  some  of  the  elements  of  their  present  orbits  may  raise 
aneh  a  presumption. 

8042.  Probable  identity  of  De  Vico's  comet  ioith  the  com  ft  of 
1678. —  The  comet  of  De  Vico  having  presented  striking  analogies 
with  a  comet  which  was  observed  by  Tycho  Brahe  and  Rothmann 
in  1585;  and  one  observed  by  La  Hire  in  1678,  M.  Le  Verrier  has 
apl^ied  like  principles  to  the  investigation  of  these  questions. 

MM.  Laugier  and  Mauvais  observed  that  the  elements  of  De 
Yieo'a  oomet  presented  such  a  resemblance  to  that  of  Tycho  Brahe, 
as  almost  to  decide  the  question  of  their  identity.  M.  Jjc  Verrier, 
tracing  back  the  comet  of  De  Vico  to  1585,  has  shown  that  its 
orbit  at  that  epoch  was  so  different  froTii  that  of  the  comet  of 
Tycbo,  as  to  be  incompatible  with  any  plausible  inference  of  their 
identity.* 

He  has  shown,  however,  by  like  reasoning,  that  there  is  a  high 
degree  of  probability  that  the  comet  of  De  Vico  is  identical  with 
that  observed  by  La  Hire  in  1678. 

8043.  Blainplan^s  comet  of  1819.  —  M.  Blainpan  discovered  a 
eomet  at  Marseilles  on  28th  November,  1819,  which  was  observed 
at  Milan  until  25th  January,  1820.  The  observations  reduced  and 
calealated  by  Prof.  Encke  gave  an  elliptic  orbit  with  a  period  a  little 
short  of  5  years.  Clausen  conjectures  that  this  comet  may  be  iden- 
tical with  that  of  1743.     It  has  not  been  seen  since  1820. 

8044.  Pons!z  comet  of  1819.  —  A  comet  was  discovered  by 
M.  Pons  on  June  12th,  1819,  which  was  observed  until  July  19th. 
Prof.  £nck^  assigned  to  it  an  elliptic  orbit;  with  a  period  of  5} 


8045.  Pigotfz  comet  of  1782r. — A  comet,  discovered  by  Mr. 
Figott  at  New  York  in  1783,  was  shown  by  Burckhardt  to  have  an 
eUiptio  orbit,  with  a  period  of  5}  years. 

8046.— i^eter«'«  comet  of  1846.  — On  the  26th  June,  1846,  a 
eomet  waa  discovered  at  Naples  by  M.  Peters,  which  was  subse- 
quently observed  at  Borne  by  De  Vico,  and  continued  to  be  seen 
nntil  2l8t  July.  An  elliptic  orbit  is  assigned  to  this  comet,  with  a 
period  of  from  13  to  16  years,  some  uncertainty  attending  the  obser- 
vrntiona.  The  re-appearance  of  this  comet  may  be  expected  in  1859, 
1860. 

*  M4m.  Acad,  des  Sciences,  \W{, 
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iJar  apinpiU  of  the  orbitt  o/lhe  eomela  tchich  revok' 
•s  orbil.—lu  Table  III.  wo  have  giTCn  the  eluHMb 

a  coQiets  above  meolioned. 

TABLE  III. 

Motion  of  tbe  Elliptio  Comets  wUnb  roTOi-re  wiOda  lb) 
Orbit  of  Sitarn. 
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hKf^  an  aaakgjr  to  dma  of  the  idaaata.  Their  inBliiaHiWU'Wtl 
one  ezeeptioo,  ure  within  the  limila  of  those  of  the  plenwli  IWr 
ecoentrieitifi8|  though  inoompenUj  greeter  than  Ihooe  of  the  ^ka^ 
axe,  18  iiWL  prawotlj  appear,  ineompanUj  leas  than  theae  ef  bE 
oth«r  oomets  yet  diaoovmd.  Iheir  mean  diataneaa  and  mU 
(with  the  ezoeptiim  of  the  but  two  in  the  table,)  an  wtth-ln 
unite  of  thoee  of  the  phnetoide. 

8050.  Planetary  character  rf  their  orb&e. — ^The  mMpaiina  rf 
the  nnmben  giTen  in  T^le  III.  with  thoee  whieh  will  ha  ^ 
hereafter,  in  toe  tablee  of  the  elements  of  other  elliplie  eoaelL  ■! 
the  eompaiieon  of  the  diegrame  of  thehr  orbite  with  thoee  ef  Ma^ 
will  ehow  in  a  striking  manner,  to  how  great  an  ezlent  the  eriii 
of  this  gronp  of  oomete  poeeees  the  planetary  oharaoler.  Btliin 
moving  round  the  enn  in  the  common  direction,  their  ineGneliMb 
with  a  single  exception,  are  within  the  limits  of  thoee  of-the  phosni 
It  b  true  that  their  eccentridties  have  an  order  of  magnitnds  miik 
greater;  but  on  the  other  hand,  it  will  be  eeen  preaently  that Iktj 
are  incomparabljr  less  than  the  eocentrioitiea  of  all  other  asrioii 
oomets  yet  discovered.  Their  mean  distanoea  and  perioaB  |Imi 
them  in  direct  analogy  with  the  planetoida. 

Moderate  as  are  the  eccentricities  as  compared  with  dMM  if 
other  comets,  they  are  sufficieDtly  great  to  impart  a  decided  enl 
form  to  the  orbits,  and  to  produce  coDsiderable  differencea  betaiai 
the  perihelion  and  aphelion  distances,  as  will  be  apparent  byii- 
specting  the  numbers  in  the  columns  cf  and  d".  It  appssii  If 
these,  that  while  the  perihelion  of  £nck6's  comet  lies  withia  Ae 
orbit  of  Mercury,  its  aphelion  lies  outside  the  orbit  of  the  woit 
remote  of  the  planetoids,  and  not  far  within  that  of  Jupiter.  Tk 
perihelion  of  Biela's  comet,  in  like  manner,  lies  between  the  ertdi 
of  the  earth  and  Venus,  while  its  aphelion  lies  outaide  thst  d 
Jupiter.  In  the  case  of  Faye's  comet,  the  least  eeoentris  of  As 
group,  the  perihelion  lies  near  the  orbit  of  Mars,  and  the  apheiiflB 
outside  that  of  Jupiter. 

It  must  be  remembered  that  the  elliptic  form  of  theee  orhiti  Iv 
only  been  verified  by  observations  on  the  successive  retoma  to  pai- 
helion  of  the  first  Slvq  comets  in  the  table.  The  elliptic  oloaifnii 
of  the  others  may,  so  fur  as  is  at  present  known,  have  been  dbtd 
by  disturbing  causes. 

The  angular  motions  at  the  mean  and  extreme  distanoea  fnm  db 
sun,  given  in  the  columns  a,  a'  and  a"  have  been  eomputed,  ea  Ai 
principles  already  explained,  by  the  formulss 

1,296,000  ,  a«  ^  «■ 

The  same  numbers  which  expreaa  these  angnlar  motioM^  diO 
express  in  all  cases  the  intensities  of  solar  light  and  heat  in  tki 
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Mveral  poritMNiB  of  the  oomet;  tod  tko.the  apptrent  motion  of 
the  sun,  as  teen  from  the  comet;  and  a  comparison  of  these  with 
Iha  eomflponding  numbers  related  to  any  of  the  planets,  will 
iUiiBtrate  in  a  strOking  manner  how  different  are  the  physical  condi- 
tioM  hj  which  these  two  classes  of  bodies  are  affected ;  and  this  will 
bo  more  and  more  striking,  when  the  other  groups  of  comets  have 
been  noticed. 

Taking  the  comet  of  Enoke  as  an  example,  it  appears  that  while 
ili  mean  daily  motion  is  1076''  or  18',  its  motion  in  aphelion  is  only 
Vf  and  in  perihelion  nearly  13^.  Its  motion  in  perihelion,  the 
li^t  and  heat  it  receives  from  the  sun,  and  the  apparent  motion  of 
tM  son  as  seen  from  it,  are  therefore  severally  more  Uian  150  times 
greater  in  perihelion  than  in  aphelion. 

m.    EXXIFnO  COMKTS,   WHOSE    MEAN  DISTANCES  ARE  NEARLT 

EQUAL  TO  THAT  OV  UbANUS. 

8051.  OometB  of  long  periods  Jirst  recognised  as  periodic. — It 
might  be  expected,  that  comets  moving  in  elliptic  orbits  of  small 
dimensions,  and  consequently  ha^ng  short  periods,  would  have 
been  the  first  in  which  the  character  of  periodicity  would  be  dis- 
covered. The  comparative  frequency  of  their  returns  to  those  posi- 
tiona  near  perihelion,  where  alone  bodies  of  this  class  are  visible 
from  the  earth,  and  the  consequent  possibility  of  verifying  the  fact 
of  periodicity,  by  ascertaining  the  equality  of  the  intervals  between 
their  snccesuve  returns  to  the  same  heliocentric  position,  to  say 
BOthinff  of  the  more  distinctly  elliptic  form  of  the  arcs  of  their 
orbits  m  which  they  can  be  immediately  observed,  would  afford 
strong  ground  for  such  an  expectation ;  nevertheless  in  this  case,  as 
has  happened  in  so  many  others  in  the  progress  of  physical  know- 
ledge, the  actual  results  of  observation  and  research  have  been  di- 
reeuj  oontraiy  to  such  an  anticipation ;  the  roost  remarkable  case 
of  a  comet  of  large  orbit,  long  period,  and  rare  returns,  being  the 
fifat^  and  those  of  small  orbits,  short  periods,  and  frequent  returns, 
the  last  whose  periodicity  has  been  discovered. 

8052.  Newton* s  conjectures  as  to  the  existence  of  comet*  ofhmg 
periods, — ^It.  is  evident  that  the  idea  of  the  possible  existence  of 
comets  with  periods  shorter  than  those  of  the  more  remote  planets, 
and  orlnts  circumscribed  within  the  limits  of  the  solar  system,  never 
oeeorred  to  the  mind  either  of  Newton  or  any  of  his  contemporaries 
or  immediate  successors. 

In  the  third  book  of  his  pbincipia,  he  calls  comets  a  species  of 
planets,  revolving  in  elliptic  orbits  of  a  very  oval  form.  But  he 
continnes,  ''  I  leave  to  be  determined  by  others  the  transverse 
diameters  and  periods,  by  comparing  comets  which  return  after  long 
imiUTvaU  of  time  to  the  same  orbits." 
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ilereBting  to  observa  the  avidity  with  which  miaAs  of  •  * 

iiied  upoD  fnrta.     These  coujecturea  of  Newtao  wer«  soon 
>t«d  by  Voltaire:  "II  y  a  quelque  opparence,"  gaji  ht, 
y  on  comets,  "qa'on  conaaitra  un  jtrar  un  ceKaJa  nombn 
res  plan&tes  ((ui  sons  le  nom  de  ooinfites  touracot  fomaa 
IT  liu  Boloil,  mais  il  ne  fiiut  pas  esp*5rer  qu'oa  le«  oonn«ij- 

;:iiD,  elsewhere,  on  the  same  oatiject : — 

'■CnmStcB.  que  Ton  ominl  i  Vfgsl  du  lonnem!, 

Dans  unc  ellipBe  iizimFnse  Bchcm  Totre  conra, 
Bomoatei,  deacemlo  prfes  de  l"«8lre  des  joura." 

UnUei/'t,  Temarchet,.  —  Eitraordinary  as  these  coojectarea 
e  appeared  at  the  time,  they  were  Bcx>n  strictly  realised. 
ajertook  the  labour  of  examining  the  circumslancM  at-    ' 

ny,  anil  which  of  them,  appeared  t')  follow  the  same  path. 
that  a  poniot  which   had  been  observed  by  himself,  by 
od   thuir  contemporaries  in   Wi^'l,  fullowed  a  path  while 
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andy  that  die  eomet  ought  not  to  be  ezpeeted  to  appear  nntQ  the 
d  of  1768,  or  the  begpniuDg  of  1759.  It  is  impoeuble  to  imagine 
7  <|aaHtj  of  miod  more  enviable  than  that  which,  in  the  existing 
ito  of  mathematical  physicSy  oonld  have  led  to  anoh  a  prediction. 
Be  inkperfeet  state  of  acienoe  rendered  it  impoeaible  for  Hallej  to 
Sbt  to  the  world  a  demonstration  of  the  event  which  he  foretold. 
He  therefore/'  sajs  M.  de  Ponteooulant, ''  could  only  announce 
leee  felicitous  oonceptions  of  a  sagacious  mind  as  mere  intuitive 
snxptions,  which  must  be  received  as  uncertain  by  the  world,  how- 
rer  he  might  have  felt  them  himself,  until  they  could  be  verified 
f  the  process  of  a  rieorous  analysis." 

Bnbeeqnent  researches  gave  increased  force  to  Halle/s  prediction ; 
V  it  appeared  from  the  ancient  records  of  observers,  that  comets 
ad  been  seen  in  1456*  and  1878,  whose  elements  were  identical 
idi  thoee  of  the  comet  of  1682. 

8054.  Chreat  cuivartce  of  mathematical  and  phj^sical  tctencei 
riween  1682  and  1759.  —  In  the  interval  of  three-quarters  of  a 
mtoiy  which  elapsed  between  the  announcement  of  Halley's  pre- 
ietion  and  the  date  of  ite  eipected  fulfilment,  great  advances  were 
tade  in  mathematical  science ;  new  and  improved  methods  of  in- 
iitigation  and  calculation  were  invented ;  and,  in  fine,  the  theory 
r  gravitation  was  pursued  with  extraordinary  activity  and  success 
iroo^  ite  consequences  in  the  mutual  disturbances  produced  upon 
«  motions  of  the  planets  and  satellites,  by  the  attraction  of  their 

*  TIm  appearmnce  of  this  comet  in  1456,  was  described  by  contemporary 
ithoritiM  to  have  been  an  object  of  "  unheard-of  magnitude ;"  it  was  ac- 
■apanied  by  a  tail  of  extraordinary  length,  which  extended  OTer  sixty 
igiaes  (a  third  of  the  heaTcns),  and  continued  to  be  seen  during  the  whole 
'  the  month  of  June.  The  influence  which  was  attributed  to  this  appear- 
iMt  renders  St  probable  that  in  the  record  there  exists  more  or  less  of 
Kaggeration.  It  was  considered  as  the  celestial  indication  of  the  rapid 
leeon  of  Mohammed  11.,  who  had  taken  Constantinople,  and  struck  terror 
ito  the  whole  Christian  world.  Pope  Calixtus  II.  levelled  the  thunders  of 
le  Church  against  the  enemies  of  his  faith,  terrestrial  and  celestial,  and 
I  the  same  bull  exorcised  the  Turks  and  the  comet ;  and  in  order  that  the 
mrnmrj  of  this  manifestation  of  his  power  should  be  for  ever  preserred,  he 
rdained  that  the  bells  of  all  the  churches  should  be  rung  at  midday  —  a 
Mfom  wfaioh  is  preserred  in  those  countries  to  our  times.  It  must  bo 
imittcd  that^  notwithstanding  the  terrors  of  the  Church,  the  comet  pur- 
lad  its  eourse  with  as  much  ease  and  security  ns  those  with  which  Mo- 
unmod  converted  the  church  of  St  Sophia  into  his  principal  mosque. 
The  extraordinary  length  and  brilliancy  which  was  ascribed  to  the  tail 
pen  this  oocadon,  have  led  astronomers  to  investigate  the  circumstances 
■der  whieh  its  brightness  and  magnitude  would  be  the  greatest  possible ; 
idv  upon  tracing  back  the  motion  of  the  comet  to  the  year  145C,  it  has 
BOi  fbuttd  that  it  was  then  actually  under  the  circumstances  of  position 
Uh  rsapeet  to  the  earth  and  sun  most  favourable  to  magnitude  and  splen- 
mir.  8o  fhr,  therefore,  the  results  of  astronomical  caloalation  C0TiQbQt«b\A 
M  leoords  of  hhtory. 
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'^  ooHMt  to  iti  ^aribdioB  ^pHMoliad^  thercrore,  ibe  mienuEe  «m1I 
nMlT6d  to  dWftt,  H  ftr  u  ftmSbh,  Ae  prediction,  of  thai  npetm 
whieh  neeowiil;  lUnded  it,  owiw  to  tbe  iinperfect  sUW  of  KhM 
Bt  tiie  tinM  it  w»  made,  tad  to  ctMikte  tb«  exact  eflecta  of  ikM 
plueta  whow  numm  WMe  ■nfcbnily  great  in  Moelentinj  « 
ntuding  Hi  motuo  «hib  pnmf  dHtn. 

80fi6.  iib«e(  iNiA  ^  Ifea  maut  fln  itn  re/um  and  rimt  ofb 
periittioH  aaletuatml  ni  fndiOad  by  ClalratU  owt  Lalumff.— 
Thin  inqoir;,  which  pfMtatod  gmt  mathciuaiical  difficulun^ul 
UToItm  enanuoai  iiUhatliMl  aboar,  vr^  undertuketi  b;  dioSA 
udltflande:  tha  farmsr,  m  mathamaCciDn  ud  natural  philwepb^ 
who  httd  alnadj  applied  with  graak  ninsesa  tbe  priQcipUt  of  ffU> 
tetioD  to  the  motiou  of  tbe  moon,  vnilertoolc  tlie  purely  uu^iiol 
|art  of  the  inrcatimtion,  whioh  ecasisicii  id  cficablishiag  ««w> 
gM«nl  algabiaieal  fonaaltt,  bj  whioh  ihe  distorbing  Botiuu  »X«d 
D7  the  [d»ela  od  the  oomet  were  expressed ;  ajid  Laluode,  in  at- 
sentpiaotiaal  lairoiioner,  aodertDok  ibe  labtiur  of  the  aritbiMtiDri 
eonputatiotu,  tH  which  he  wu  aamted  bv  n  lady,  Madame  LepuH, 
wboae  name  hu  thus  become  cclebntt-'ij  in  die  untj:il£  of  ^ifDCt. 

These  elaborate  calculutiona  being  completed,  Glairent  |nMrti 
the  result  of  ^eir  joint  UboutH,  io  «  memoir,  to  the  Axaiumjif 
Sciences  of  Paris,*  in  which  he  predicted  the  next  amrala  ■ 
comet  at  peribelion,  on  tbe  18tb  April,  1759;  a  dale,  howMr, 
which,  before  tbe  re-appearance  of  tbe  comet,  he  fonnd  iflMa  k 
obsBge  to  the  11th  of  April,  end  Maigaed  the   pftth  wUak  tf 

*  Wb«n  it  Is  coiuidereil  that  the  period  of  IIftIIa;'H  oomet  !■  ibwi  W 
^-Stc  years,  and  that  eiery  porUon  of  itacourBS  fortvoBoeDetiiierMlik 
was  necessary  to  be  calculated  separately  in  thia  wh,  some  aMki  Hf 
be  formed  of  the  labour  encountered  bj  Lalimde  and  Hadama  LtpiA 
"Daring  aii  months,"  aaja  LalanJ«,  "we  calculated  from  ■onuKl' 
night,  sometimes  even  at  meaU ;  the  consequence  of  whioh  was,ttltl' 
eontmcted  an  illnesn  which  changed  mj  conitilution  for  the  iiiiiisiall» ^ 
ny  life.  The  asxistance  r«nderpd  by  Matlnme  Lepaate  was  ansh,  tW 
without  her  we  never  could  have  dared  to  undertake  tbis  enonaoBi  IstA 
In  wbicli  it  WHS  necesBiir;  to  calculate  the  distonae  of  each  of  Ihi  tn 
planets,  Jupiter  ami  lS»turn,  from  the  comet,  and  their  attraotitia  ^ 
that  body,  srpamtfly.  fur  eveiy  suceeBBive  degree,  and  for  150  ycua" 

The  name  at  Itladaine  Lepaute  does  not  appear  in  Clairaut's  wawati  * 
■uppretaioo  which  Lalande  attribntea  to  the  inSuenoa  exercited  by  aasA* 
lady  to  whom  (.^lairaut  wns  silached.  Lalande,  howeTer,  qnotet  Mttn' 
Clairaul.  in  which  he  speaks  in  terms  of  high  admiration  of  "laMHf 
ealculatrice."  The  labours  of  this  ladj  in  the  work  of  calcuUliea  [(lw# 
also  assieleil  L:ilnnde  in  constructing  his  ^hewurida)  at  lonKth  t*  li'^ 
ened  her  Hight,  Ihnt  she  was  ompelled  to  denai.  She  died  in  ITO.  iU* 
attending  on  her  liusbond.  who  Lad  became  insane.  See  the  mIi^* 
eomets,  by  Professor  de  Morgan,  in  tli«  Compatdm  to  Ua&ilUJiW* 
tor  thi  yoar  1888.  ^  uu^riiia.   ■  — 
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mid  fidlow  while  visible,  as  detennined  by  the  foUowiDg 

iOK.        Lc»iig.oriiode.       LoDf.of  perlb.         Ferlbel.  diit       Dfreetlon. 

r  58^  SC        803^  icy  0-58       retrograde. 

Semarkalie  anticipation  of  the  diacovery  of  Uranus.  — 
Dobg  his  prediction  Clairaat  Btated,  that  the  time  asngned 
pproaching  perihelion  might  varj  from  the  aotoal  time  to 
it  of  a  month ;  for  that  independently  of  anj  error  either 
ethode  or  process  of  oalculatioD,  the  event  might  deviate 
leaa  from  its  predicted  occurrence,  by  reason  of  the  attrac- 
n  undiicovered  planet  of  our  sytiem  revoivimg  beyond  the 
Saturn,  In  twentj-two  years  aflter  this  time,  this  conjeo- 
realised  by  the  discovery  of  the  planet  Uranus,  by. the  late 
!am  Herschell,  revolving  round  the  sun  one  thomnnd  mil- 
miles  beyond  the  orbit  of  Saturn  ! 

Prediction  of  ITaUey  and  Clairaul  fulfiUed  hg  re-appeoT' 
the  comet  in  1758-9.  —  The  comet,  in  fine,  appeued  in 
r  1758,  and  followed  the  path  predicted  by  Clairant^  which 
>iit  little  from  that  which  it  had  pursaed  on  former  appear- 

will  be  seen  by  a  companson  of  the  elements  as  given 
th  those  since  ascertained.  It  passed  throaeh  perihelion 
.8th  March,  within  22  days  of  the  time,  and  within  the 
the  possible  errors  assigned  by  ClairauL 

Disturbing  action  of  a  planet  on  a  comet  explained.  — 
end  effects  of  a  planet  in  accelerating  or  retarding  the  mo- 
eomet  are  easily  explained,  although  the  exact  details  of  the 
loes  are  too  complicated  to  admit  of  any  exposition  here. 
fa.  818,  represent  the  place  of  the  disturbing  planet,  and 
r  the  comet.  The  attraction  of  the  planet  on  the  oomet 
k  be  a  force  directed  from  c  towards  P,  and  .by  the  principle 

of  the  composition  of  forces  is  equivalent 
to  two  components,  one  0  m  in  the  direc- 
tion of  the  comet's  path,  and  the  other 
C  n  perpendicular  to  ihit  path.  ^  If  the 
motion  of  the  comet  be  directed  from  o 
towards  m,  it  will  be  accelerated;  and 
if  it  be  directed  from  o  towards  m',  it 
will  be  retarded  by  that  component 
fig.  81S.  of  the  planet's  attraction  which  is  di- 

rected from  0  to  m.  The  other  com- 
\m  being  at  right  aneles  to  the  comet's  motion,  will  have 
t  effect  either  in  accelerating  or  retarding  it 
pears,  therefore,  in  general,  that,  if  the  direction  of  the 
notion  o  m  make  an  acute  angle  with  the  line  0  p  drawn 
^nel^  the  phaet'a  attraction  will  aecelemte  \t\  vn^  VL  \\i& 


ihioHw  0*1*  ^tha  •■  *>*^  mifmiri^ikt  EMa«%'iliA 


m  dittoiUM  aatioa  of  >  planet  rad 
Jaiiil««r8itlant«B  ft  «on<*  •BokMlbUiiy'i  may  be  nul;  nw- 
mbanded.    IJiJig-  819,  tha  otbit  «f  ihm  eoMet  u  repreaeoud  u 
AcV^fa  ta  Rttper  proponkms,  *  r 


tMbcOw 


n  Httper  proponkms,  * 
aii^  uia,  p  the  pltM  rf 
A  Aat  of  apbelioD,  ud  n 


of  w  Jbaw  in  which  t] 
n*  ^all  circle  < 


portkM  Oh  otUt  ol 
Mnoa  fa  ■boni  i 


I  fa  ■boni  twioe  that  of  th 
t  whN  dw  Utter  is  at  p«ibt- 

hi  prc^mr  BnponionB  the  orbit  tfji- 
pilar,  irioM,  n  illustntioD,  m  riaU 
naridaf  M  tbt  Astnrbing  planrt. 

It  win  b*  ^parent  on  the  Bcn 
nspM&ID  <tf  tte  diagram,  Ibtt  liM 
drawn  from  the  plaoel,  whatenrbc 
its  plane,  to  toy  point  whatevMrfiit 
comet'a  path  between  its  apbeihu  i 
and  the  point  m',  where  it  wmtt  it 
the  orbit  of  the  planet  in  appnaebiif 
the  BOD,  will  mnbe  acute  anglts  vitb 
the  direction  <tf  the  comet's  metka, 
and  that,  eoDdeqnentlj-,  the  cam«t  viS 
be  accelerated  bj  the  action  of  lb 
planet.  In  like  manner  it  ia  appiMl 
that  linea  drawn  from  the  plaial) 
whaterer  be  its  place,  to  an;  paal 
whatever  of  the  comet'a  path  bet*M 
m  and  the  aphelion  a,  will  nuh  c^ 
toae  anglea  with  the  dirootion  of  the  comet's  motion,  sad,  ma» 
onentl;,  the  oomet  will  be  retarded  by  the  kotion  of  the  planet  it 
departing  from  the  snn,  from  m  to  A. 

In  that  part  of  the  comet's  path  which  lies  within  the  plaocft 
orbit,  the  action  of  the  planet  alternately  acoelernies  and  retariiiii 
according  to  their  relative  position.  If  the  planet  be  at  ji,  gnppn* 
po  drawn  so  as  to  be  at  right  anglea  to  the  path  of  the  cencL 
Between  m'  and  o  the  action  of  the  planet  »tj>  will  accelerate  tb 
oomet,  and  after. the  oomet  passes  *  it  will  retard  it.  In  like  nu- 
nar  if  the  planet  be  at  p",  it  wilt  first  retard  the  motion  of  the  mwl 
pmoeeding  from  m'  towstds  A,  and  will  oonlinae  to  do  so  antil  ih 
line  of  direction  beoomea  perpendioalar  to  tbtt  of  tbe  amiet'a  a^ 
tion,  ftfter  which  it  will  acoelenile  it. 


ng-sio. 
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It  appears,  therefore,  that  daring  the  period  of  the  eomet,  the 
disturbiog  action  of  the  planet  is  subject  to  several  changes  of  diree- 
tioD,  owing  partly  to  the  change  of  position  of  the  oomet  and  partly 
lo  that  of  the  planet;  and  the  total  effect  of  the  disturbing  action 
of  the  planet  on  the  conict'8  period  is  found  by  taking  the  difference 
between  the  total  amount  of  all  the  accelerating  and  all  the  retard- 
ing actions. 

In  the  case  of  the  planet  Jupiter  and  Halley's  comet,  the  former 
makea  nearly  seven  oomplotc  revolutions  in  a  single  period  of  the 
oomet;  and  consequently  its  disturbing  action  is  not  only  subject  to 
■ereral  changes  of  direction,  but  also  to  continual  variation  of  in- 
tenaityy  owing  to  its  change  of  distance  from  the  comet 

Small  as  the  arc  m'  p  m  of  the  comet's  path  is  which  is  included 
within  the  orbit  of  Jupiter,  the  fraction  of  the  period  in  which  this 
010  ia  traversed  by  the  comet  is  much  smaller,  as  will  be  apparent 
hj  oonaideriog  the  application  of  the  principle  of  equable  areas 
(2599)  to  this  case.  The  Ume  taken  by  the  comet  to  move  over 
the  arc  m'  p  m  is  in  the  same  proportion  to  its  entire  period,  as  the 
area  included  between  the  arc  m*  vm  and  the  lines  W  8  and  m  s  is 
to  the  entire  area  of  the  ellipse  a  p. 

To  simplify  the  explanation,  the  orbit  of  the  comet  has  here  been 
■npposed  to  be  in  tbe  plane  of  that  of  the  disturbing  planet.  If  it 
bo  not,  the  disturbing  action  will  have  another  component  at  right 
onglea  to  the  plane  of  the  comet's  orbit,  the  effect  of  which  will  bo 
A  tendency  to  vary  the  indication. 

3060.  Effect  of  the pcrtnrbinff  action  of  Jupiter  and  Saturn  on 
Ilaliey's  comet  between  1082  and  1759. — The  resnlt  of  the  invcsti- 
ipition  by  Clairaut  showed,  that  the  total  effect  of  the  disturbing 
action  of  Jupiter  and  ^iitnni  on  Ilallcy's  cornet  between  the  [)eri- 
lielions  in  168*2  and  in  IToO,  was  to  inorcaife  it^  f»eriod  by  OLS  duys 
OB  oomparcd  with  the-time  of  its  preceding  revolution,  of  which  in- 
crease, 100  days  were  due  tu  tl:o  action  of  Saturn,  and  518  to  that 
gf  Jupiter. 

Clairaut  did  not  take  into  account  the  disturMng  action  of  the 
oorthy  which  was  not  altogether  incousidcr»bic,  and  could  not  allow 
jfiir  those  of  the  undiscovered  planets  UranuH  and  Neptune.  The 
effects  of  the  action  of  the  other  planets,  Mars,  Venus,  Mercury, 
and  the  planetoids,  arc  in  these  cases  insi(;nifioant. 

3061.    Calculations  of  its  vKitrn  in  lSIJ.>-r». — Tn  the  interval  of 
three-quarters  of  a  century  which  preceded  the?  next  re-appcaraneo 
of  this  comet,  science  continued  t4)  progress,  and  instruments  of  ob- 
servation  and  principles  and   methods  of  investigation  were   .still 
farther  improved;   and,  above  all,  the  number  of  observers  was 
ffrcatl J  augmented.    Beft)rc  the  epoch  of  its  return  in  iJ^o'),  its  mo- 
tioDSy  and  the  effects  produced  upon  them  by  the  disturbing  action 
of  the  seTcral  planets,  were  computed  by  MM.  Dumoiseau,  Ponte- 
III.  43 
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■oberger,  and  Lehmaon,  who   Bererall;  ptedieted  ib 

\  DanioiBMn 4th  Nor.  1835. 

isenbec^er lllh  " 

I  Uhmanii 2eth         " 

■eJi'lioiu  fuI/xHed. — These  predictiotiB  were  all  poblUtifd 

f  1835.     The  comet  was  seen  at  Rome  on  the  5th  An- 

I  position  w'.tbin  one  rf/yrre  of  the  plttce  Msigned  to  it  far 

'  1  the  ephcmcris  of  M.  Roseoberger.     On  the  20th  An- 

ime  visible  to  all  observers,  and  paraned  the  wane,  witt 

I  deviation,  which  had  been  assigned  to  it  in  the  epbeiM- 

A  perihelion  on  the  I6th  Nov.,  being  Terj  neat); 

Btwcen  the  four  epochs  asaigned  in  the  predictiona. 

Bhis,  passing  eouth  of  the  equator,  it  nas  not  visible  in 

llatitudea,  but  continned  to  be  Boen  in  the  southern  beiai- 

Btil  the  5th  of  May  1836,  whea  it  finally  disappeat«d,  no' 

Iturn  until  the  year  1911. 

MTaiiuiar  tytwpais  of  the  motion  of  ITaUiy'i  eomet.  —  la 
i  synopsis  of  the  elements  of  the  orbit  of  thii 
'  a  observations 
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or  Enok^  and  was  foand  to  be  an  ellipse  of  snch  dimeosioDa 
ve  a  period  of  75  J  years,  equal  to  that  of  Bailey's  comet. 
>.  Olbers'  comet  of  1815.— On  the  6th  of  March  1815,  Dr. 

discovered  at  Bremen,  a  comet  whose  orbit,  calculated  by 
or  Bessel,  proved  to  be  no  ellipse,  with  a  period  of  74  years. 
>zt  perihelion  passage  of  this  comet  is  predicted  for  the  9th 
roaiy  1887. 

{.  i>0  VM9  comet  of  1846.  — On  the  28th  of  Febroary 
H.  de  Yico  discovered  a  comet  at  Rome,  whose  orbit,  calcn- 
j  MM.  Van  Beinse  and  Pieroe,  appears  to  be  an  ellipse,  with 
d  of  72-73  years. 

r.  Branen^i  comet  of  1847.  — A  comet  was  discovered  by 
vsen  at  Altona,  on  the  20th  of  July  1847;  the  orbit  of 

oaleolated  by  M.  d' Arrest,  appears  to  be  an  elliptei  with  a 

of  75  years. 

3.    Wetiphars  comet  of  1852.  —  On  the  27th  of  June,  1852, 

t  was  discovered  by  M.  Westphal  at  Gottingen,  and  was  soon 

irda  observed  by  M.  Peters  at  Constantinople.     The  caloa- 

oi  its  orbit  proves  it  to  be  an  ellipse,  with  a  period  of  about 

n. 

^.   Tabular  fynopsis  of\he  motions  of  these  tix  comets,  —  In 

V»  are  presented  the  data  necessary  to  determine  the  motions 

e  six  comets : — 

TABLE  V. 

is  of  the  Motion  of  the  Elliptic  Comets,  whose  mean  Distances  are 
nearly  equal  to  that  of  Uranus. 
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3070.  Diagmm  of  itieir  othUi 
plan   <if  Ibeir  orbits,  brought  upon   ft  cum- 
■einrdiog  to  the  ecale  indicftled.     Tbi«  figui  .       ^^^  , 
euffiuiontly  eKBot  for  tbe  purposes  of  i""**^"^"  ai**"""!! 
aitudes  and  fonna  of  the  sis  orbiU,  as  well  aa  «>     ^j  ^* 
aevcral  aies  wiih  robitioD  \a  th»l  of  liie  &"*  P^ 


3071.   Planetary  rhararlfrg  art  n       , 
Bj  comparing  the  elements  giren  ,„  r  f/^ 
BiBgnitudos  of  tbe  orbite  shi 
firat  group  of  olliptio  conielH  pirBr"  {^"■^""'r^m 
SI2,l  wfu   bepoLi-cd   "..mI"^  „f;""  Ill's  iS~l  1 
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paeing  ths  .Mnond  group,  revolve  in  the  common  direction  of  the 
pUnets,  mad  thii  ii  the  only  pl«nc'ar<r  character  obwrvablc  among 
^cM.  The  inalinationi,  no  lon^  limited  to  ihotie  of  the  planetary 
orfaitn,  nngo  from  18°  to  74°.  The ecoeotrtcitipi  arc  all  act  extreme, 
that  the  an  of  the  orhit  near  perihelion  npproxiinateH  doscly  to  tlio 
pumboUe  fbrn,  and,  in  fine,  the  most  rcmRrkablc  body  of  the  group, 
the  eonet  of  Halley,  revolveB  in  a  dJTeotion  contrary  to  the  common 
D  of  llie  planets. 

Bat  it  is  more  tlion  ell  in  the  elongated  oval  form  of  their  orbitii, 
k  ttoB  ^ronp  of  cnneta  difihn,  not  only  fmni  the  plineta,  but  from 
l&st  group.  Wbila  their  perihelia  are  at  diataneea  fmm  the 
VWwoMi  tboee  of  Han  nnd  Mercury,  their  apbelia  are  from 
'  '  «  hundred  millioDS  of  milea  outside  tbe  orbit  of  Neptune, 
t  com«t  of  Halley,  for  example,  in  peribelioo,  ia  at  ■  dis- 
^ftoui  the  sun  len  than  thet  of  Ventia ;  but  at  ita  aphelion,  ita 
(k«c«  esreeda  that  of  Neptone  by  a  apace  greater  than  Jupiter's 
taace  from  the  sun.  Tb»  mean  angular  motion  of  tbia  comet  is 
ueHy  tbo  same  aa  ihit  of  Unutaa;  but  its  angular  motion  in  peri- 
'  "  's  ibree  times  that  of  Mercury ;  vhile  ita  angular  motion  in 
'a  tittle  more  than  half  that  of  Neptune. 
rreipoDdiDg  Yaria^ona  of  aolar  light  and  heat,  and  of  tbe 
est  maguitude  and.  motion  of  the  aun  as  seen  from  the  comet, 
f  ^  aeily  inferred. 


Tuivfar  (tyHoptu  of  tventif-one  efliplir  eomfti,  nf  ifreaf 
}rieitjf  and  long  period.  —  Although  the  periodicity  of  this 
^  of  Mmet«  has  not  yet  in  any  instanco  been  certainly  eHtabliiilied 
iAMrvatioDH  made  upon  their  Bucceasive  rcturuH  to  perihelion, 
EobMrvaLions  made  npon  them  daring  a  aingle  perihelion  pansa^a 
re  of  ilieir  orbit,  which  exhibits  the  elliptic  form  to 
iqaiTOCAtly,  as  In  supply  computors  and  matheinaliciiLna  with  the 
"  aeoeaeBry  to  obtain,  with  more  or  li«s  approximalion,  the  value 
t  eccentricity,  nhich,  combined  with  the  peribelioo  dialanee, 
•  tbe  Corn  and  nognitnde  of  the  comet's  orbit. 
By  ealevlations  conducted  in  this  manner,  and  applied  to  the 
oheervationa  made  on  viiriou«  comets  which  have  apprared  ?ince  the 
latter  part  of  the  scvcnteeuth  century,  the  elliptic  orbitfl  of  twenly- 
one  of  tbeae  bodivs  have  been  compuied,  and  are  givi-n  in  the  order 
of  the  dates  of  their  perihelion  passages  in  the  table  ou  p.  SIO. 

Of  this  group  the  least  eccentric  is  No.  15,  which  passed  ita  peri- 
helion in  1H40.  This  comet  waa  discovered  at  Jkrliu  by  M.  Bre- 
■liker,  and  ita  orbit  waa  calculaiid  by  Goii,  and  proved  to  he  aa 
ellijiBP,  hBTinff  the  ekmenta  given  in  the'  lAblc,  Kubjccl  to  "ao  ^^cMXKt 

4a* 
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\,  which  paaaed  its  perihelion  in  1798,  has  an  orbit^  aeoord- 
iie  caleolationB  of  D* Arrest^  nearly  rimihur  both  in  fonn  and 
\  as  will  be  seen  by  comparing  the  nnmbers  given  in  the 
More  nncertainty,  however,  attends  the  estimation  of  these 

iomets  which  approached  nearest  to  the  son  were  the  great 
)f  1680  and  1843,  Nos.  1  and  16  in  the  table,  both  memo- 
r  their  extraordinary  magnitude  and  splendoor. 

lements  of  that  of  1680,  given  in  the  table,  are  those  which 
raited  from  the  calculations  of  Professor  Snok6,  based  on 
ibservations  of  the  comet  which  have  been  reeorded.  The 
B  of  the  great  comet  of  1843  have  resulted  from  the  oom- 
M  of  Mr.  Hubbard.  Both  are  subject  to  considerable  nnoer- 
tnd  must  be  accepted  only  as  the  best  approximations  that 
obtained. 

i  is  not  subject,  however,  to  the  same  uncertainty,  is  the 
linary  proximity  of  these  bodies  to  the  sun  at  their  re- 
penhelia.  The  perihelion  distance  of  the  comet  of  1680 
mi  576,000  miles  — and  that  of  1843,  538,000  miles. 
9  semi-diameter  of  the  sun  being  441,000  miles,  it  follows 
I  distance  of  the  centres  of  those  comets  respectively  from 
ace  <^  the  sun  at  perihelion  must  have  been  only  235,000 
900 ;  so  that  if  the  semi-diameter  of  the  nebulous  envelope 
r  of  them  exceeded  this  distance,  they  must  have  actually 
he  sun. 

relocity  of  the  orbital  motion  of  these  bodies  in  aphelion 
by  the  table  to  be  such,  that  the  comet  of  1680  would 
rolved  round  the  sun  in  a  minute,  and  that  of  1843  in  little 
n  two  minutes,  if  they  retained  the  same  angular  motion 
lished. 

listance  to  which  the  comet  of  1680  recedes  in  its  aphelion 
imes  greater  than  that  of  Neptune.  The  apparent  diameter 
un  seen  from  that  distance  would  be  2",  and  the  intensity 
rht  and  heat  would  be  780,000  times  less  than  at  the  earth; 
leir  intensity  at  the  perihelion  distance  would  be  26,000 
Mter,  so  that  the  light  and  heat  received  by  the  comet  in 
lion  would  be  26,000x780,000=18,980  million  times  less 
perihelion. 

pvatest  aphelion  distances  in  the  table  are  those  of  Nos.  5, 
17,  the  comets  of  1780,  1880,  and  1844,  amounting  to 
0  to  140  times  the  distance  of  Neptune;  the  eccentricities 
;  from  unity  by  less  than  ti^^.  These  orbits,  though 
the  results  of  calculation,  must  be  regarded  as  subject  to 
iUe  nnoertaiii^. 
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3073.  Plan  "/ihe  form  and  reinlite  mag- 
nitude of  Ihe  orhiU.  —  To  conrey  so  ido  of 
the  forta  of  tbe  i>rbi(8  of  tbe  comets  of  tbii 
group,  sod  of  the  proportiim  nbich  tbcir 
magnitude  bears  to  the  dimentiious  of  tbe 
solar  system,  wo  have  drowD,  in  juj.  821,  an 
ellipse,  which  may  be  considered  as  repre- 
eenting  the  form  of  the  orbits  of  the  comeb 
No8.  15,  6,  9,  12,  mid  1,  of  ibc  Tuble  VI.       1 

If  the  ellipse  reprcscDt  tbe  orbit  uf  Hat 
oomet  No.  15,  the  tirclc  a  will  represeot  aa 
the  same  scale  tlie  orbit  of  Neptune. 

If  the  ellipse  rcprescDt  the  Orbil  of  ll» 
comet  No.  C,  the  circle  h  will  represent  tb 
orbit  of  Neptune. 

If  tbe  ellipse  rcpregent  tbe  orbit  of  No.  S,    ' 

tune. 

If  the  ellipse  repreBent  ibe   orbil  of  No. 
12^b^ird^^il^j|pre3Cii^h^rbi^rf 

sn 

4  «r  rnHMd  to  te  pinbrii*. 
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YL  Pa&abouo  Comxts. 

S075.  Tabular  iynopau  of  ike  parabolic  comets, — In  the  an nezed 
TftUe  (Vin.)  are  giyen  the  elements  of  the  orbits  of  161  comets, 
whose  paths  in  passing  thron^h  the  system  hsve  been  either  para- 
Im^  or  ellipses  of  eooentricities  so  extreme  as  to  be  andistiDguish- 
■Ue  from  perabolis  in  that  part  of  their  orbits  at  which  thej  were 
eapebla  of  bemg  observed. 

YIL  DiSTBIBUTION  or  OOMETABT  ORBITS  IN  SPACE.* 

8076.  DittrihuHon  of  the  cometary  orbits  in  space,  —  In  review- 
mg  the  vast  mass  of  data  collected  by  the  labours  of  observers, 
aseient  and  modem,  and  which,  so  far  as  we  have  been  enabled  to 
see  floonds  for  classification,  are  marshalled  in  the  series  of  tables 
whira  are  given  above,  it  is  natural  to  look  for  some  evidence  of  a 
prevalent  Uw  in  the  motions  of  these  bodies.  The  absence  of  all 
analogy  to  the  planetary  orbits,  except  in  the  case  of  the  first  group 
of  elbptie  comets  consigned  to  Table  III.,  has  been  already  indi- 
caled ;  bat^  although  no  analogy  to  the  planetary  motions  may  exist, 
it  does  not  follow  that  the  cometary  motions  may  not  be  sovemed 
by  some  laws  of  their  own,  the  nature  and  character  of  which  can 
only  be  discovered  by  carefully  conducted  induction. 

8077.  Relative  numbers  of  direct  and  rttroyrade  comets.  —  It 
has  been  shown  that  of  the  nineteen  comets  included  in  the  first 
sod  aeoond  groups,  which  possess  in  the  most  marked  degree  the 
rianetary  character,  one  only  is  retrograde.  Here  is,  then,  the 
ndication  of  a  law,  so  fieur  as  regards  the  direction  of  the  motion  of 
the  comets  of  these  groups. 

To  ascertain  whether  traces  of  the  same  law  are  discoverable  in 
the  other  classes  of  comets,  let  the  other  tables  be  examined  and 
compared. 

Ol  the  twenty-one  comets  included  in  Table  YL  there  are. 

Direct 10 

Retrograde 11 

21 

There  is,  therefore,  among  these  no  indication  of  the  prevalence 
of  any  law  in  relation  to  the  direction  of  the  motion. 
Of  the  seven  hyperbolic  comets  in  Table  YII.  there  are, 

Direct 6 

Retrog;rade #. 1 


*  This  seetion  contahis  the  Bubstanoe  of  a  paper  by  the  author,  ^hloh 
has  besD  foAmUd  in  the  Proceedinge  of  the  Royal  Astronondoal  ^qq\«V;)  . 
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3079.  Directions  of  the  nodes  arul  perihelia. — Takiog,  in  like 
mmnner,  the  longitudes  of  the  nodes  and  the  perihelia,  we  find 
that  those  of  every  hundred  oomets  are  distributed  in  longitude  as 
follows : — 


•           • 

Nwnber  of  Nodw, 

Htnubtrel  Perihelia. 

(P  to  9fP M.. 

8-36 
8-85 
11-85 
8-36 
1-36 
7-00 
0-00 
8-00 
7-40 
400 
8-35 
&00 

100-00 

0-80 

7-30 

12-25 

11-70 

8-25 

2i»0 

5-85 

7-80 

10-70 

1276 

10-30 

3-40 

90          W*  ••••••••••••••••...••••••••••••.•••.••••••• 

00         90 

190       UO  - 

1M       1«. ^ 

IM       BO « 

210       810 

«9       »• 

270       300  •«.••••.••>..•.•..•...•..• • 

9B0       880 

910       960 . — « 

An  QDiform  distribution  would  give  8-33  nodes  to  each  arc  of 
80^.  The  number  in  tho  third  sign  between  60^  and  90^  is  nearly 
li,  and  in  the  seventh  sign  between  180^  and  210^  nearly  10,  both 
eonsiderably  exceeding  the  mean  share. 

The  distribution  of  the  perihelia  is  still  more  unequal.  There  is 
an  erident  tendency  to  crowd  into  the  arcs  between  60°  and  120°, 
and  between  240°  and  300°.  The  number  of  perihelia  due  to  an 
are  of  60°  is  16-66.  Now  the  actual  number  found  between  60° 
and  120°  is  23*95,  about  50  per  cent,  above  the  mean.  Between 
240°  and  830°  there  are  33*75  perihelia,  where,  as  the  number  due 
to  an  arc  of  90°  is  25,  the  actual  number  being  35  per  cent,  above 
the  mean. 

8080.  Distribution  of  the  points  of  perihelion.  —  Considering 
how  much  the  visibility  of  a  comet  from  the  earth  depends  on  its 
perihelion  distance,  and  that  beyond  a  certain  limit  of  such  distance 
a  oomet  cannot  be  eipected  to  be  seen  at  aU,  it  cannot  be  expected 
that  the  law,  if  any  such  there  be,  which  governs  the  distribution 
of  the  points  of  perihelion  round  the  sun  can  be  discovered  with  any 
degree  of  certainty.  Nevertheless,  it  will  not  be  without  interest  to 
•how  the  distribution  of  the  points  of  perihelion  of  the  known  comets 
in  reladon  to  their  distances  from  the  sun. 

If  the  centre  of  the  sun  be  imagined  to  be  surrounded  by  spheres 
having  semi-diameters  increasing  successively  by  a  constant  incre- 
ment of  20  millions  of  miles,  the  number  out  of  every  hundred 
known  oomets  whose  perihelia  lie  between  sphere  and  sphere  will 
bo  as  follows : — 

xrc  44 
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It  ia  evident  then  thit  the  density  of  the  perihelii  increases 
npidly  in  approaching  the  snn.  If  the  numbers  in  the  last  column 
of  the  table  be  compared  with  the  inverse  powers  of  the  distance, 
it  will  be  found  that  this  increase  of  density  is  more  rapid  than  the 
inverse  distance,  but  less  so  than  the  inverse  distance  squared. 

VIII.,  Physical  constitution  op  comets. 

3081.  Apparent  form.  —  Head  and  Tail.  —  Comets  in  general, 
and  more  especially  those  which  are  visible  without  a  telescope, 
present  the  appearance  of  a  roundish  mass- of  illuminated  vapour  or 
nebnlooa  matter,  to  which  is  often,  though  not  always,  attached  a 
train  more  or  less  extensive,  composed  of  matter  having  a  like  ap- 
pearance. The  former  is  called  the  head,  and  the  latter  the  tail 
of  the  comet. 

8082.  Nvdevs,  —  The  illumiuation  of  the  head  is  not  generally 
vniform.  Sometimes  a  bright  central  spot  is  seen  in  the  nebulous 
Batter  which  forms  it.  This  is  called  the  nucleus. 
.  The  nucleus  sometimes  appears  as  a  bright  stellar  point,  and  sorae- 
iimea  presents  the  appearance  of  a  planetary  disk  seen  through  a 
sebnlouB  haze.  In  general,  however,  on  examining  the  object  with 
high  optical  power,  these  appearances  are  changed,  and  the  object 
aeema  to  be  a  mere  mass  of  illuminated  vapour  from  its  borders  to 
its  centre. 

3083.  Cojna.  —  When  a  nucleus  is  apparent,  or  supposed  to  be 
ao^  the  nebulous  haze  which  surrounds  it  and  forms  the  exterior  part 
of  the  head  ia  called  the  coma. 

8084.  Origin  of  the  name.  —  These  designations  are  taken  from 
the  Greek  word  xo^i^  (kom^)  hair,  the  nebulous  matter  composing 
the  ooma  and  tail  being  supposed  to  resemble  hair,  and  the  object 
being  therefore  called  xotir^tvn  (kometcs),  a  hairy  star. 

8085.  Magnitude  of  the  head.  —  As  the  brightness  of  the  coma 
gradually  fades  away  towards  the  edges,  it  is  impossible  to  determine 
with  any  great  degree  of  precision  its  real  dimensions.  These,  how- 
erer,  are  obviously  subject  to  enormous  variation,  not  only  in  dif- 
ferent comets  compared  one  with  another,  but  even  in  the  same 
eomet  during  the  interval  of  a  single  perihelion  passage.  The 
greatest  of  those  which  have  been  submitted  to  micrometrical  mea- 
aorement  was  the  great  comet  of  1811,  Table  YI.  No.  8,  the  dia- 
meter of  the  head  of  which  was  found  to  be  not  less  than  Ij  millions 
of  miles,  which  would  give  a  volume  greater  than  that  of  the 
aun  in  the  ratio  of  about  2  to  1.  The  diameter  of  the  head  of 
Bailey's  comet  when  departing  from  the  sun,  in  1836,  at  one  time 
measured  357,000  miles,  giving  a  volume  more  than  sixty  times 
that  of  Jupiter.  These  are,  however,  the  greatest  dimensions  which 
have  been  observed  in  this  class  of  objects,  the  diameter  rarely 
ezeeediDjr  200,000  miles,  and  being  generally  less  than  lOQ^QQQ. 
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8086.  Jfi^fRtiiNKfe  vf  l)U  ■woTeiii, ^—  Attmpli  Ihmi  IntftHik 
where  niialei  were  peroei?able|  (o  eelimite  tfaoir  maguliJi^  ■! 
diameters  hate  been  Meigned  to  them,  vuyiw  fron  IM  tolM 
milei.    For  the  reeaonB,  however,  already  exiMBiiMd,  Iheie 
must  be  regarded  as  terj.dfNibtfiiL 

Tboee  who  deny  the  existeDoe  of  soUd  matter  within  the 
maintaiD  that  OTen  the  most  briUiaiit  and  oonqiieiiooa  of  Am 
bodies,  and  those  whioh  have  preseQied  the  stroaMft  vssmillMi 
to  planets,  are  more  or  less  transparent    It  nighi^  tvpfoari  ii 
a  &ct  so  simple  aa  this,«in  this  age  of  aatRmoaaioal  mAH^mM^ 
not  remain  doabtfnl ;  bat  it  mnst  be  oonsident,  thai  the  Mft 
nation  of  droamstanoes  whioh  alone  woold  Iqet  Mwha^faartilM 
vi  rare  occorrenoe.    It  would  be  neoeasary  thai  the  otaivs  #il 
head  of  the  comet,  althoagh  yerr  small,  shoald  pus  initiuJ(yill> 
a  star,  in  order  to  ascertain  whether  soeh  star  ia  viaiUa  thi«q|li 
With  comets  having  extensive  conus  withoat  nnolei,  Ibis  has 
times  ooenrred ;  but  we  have  not  had  snob  satisfaetoiy 
the  more  rare  instanoes  of  those  whioh  "have  distinot  nneleL 

In  the  aUcoce  of  a  more  dedsive  test  of  the  oocnltatioft  if  ttf 
by  the  nucleus,  it  has  been  maintained  that  the  ezistenoe  ef  asdi 
nucleus  may  be  fairly  inferred  from  the  great  splendour  whieh  bi 
attended  the  appearance  of  some  comets.  A  mere  mass  of  v^iv 
could  not,  as  is  contenddd,  reflect  such  brilliant  light  The  iiil> 
lowing  are  the  examples  adduced  by  Arago : — 

In  the  year  48  before  Christ,  a  comet  appeared  which  was  aaid  li  h 
visible  to  the  naked  eye  by  daylight.  It  was  the  comet  which  the  RdSUfl 
considered  to  be  the  soul  of  Ccesar  transferred  to  the  heavens  afts  Ml 
assassination. 

In  the  year  1402  two  remarkable  comets  were  recorded.  The  fink  av 
00  brilliant  that  the  light  of  the  sun  at  noon,  at  the  end  of  Maroh,  did  Ml 
prevent  its  nucleus,  or  even  its  tail  from  being  seen.  The  second  ipptwiJ 
in  the  month  of  June,  and  was  visible  also  for  a  considerable  »ima  '^-'^ 
sunset 

In  the  year  1532,  the  people  of  Milan  were  alarmed  bj  the 
of  a  star  which  was  visible  in  the  broad  daylight.     At  that  tiaie  ¥«■ 
was  not  in  a  position  to  be  visible,  and  consequently  it  ia  inferred  that  Ail 
star  must  have  been  a  comet. 

The  comet  of  1577  was  discovered  on  the  18th  of  Norembcr  hjTJf^ 
Brahe,  from  his  observatory  on  the  isle  of  Huene,  in  the  Sound,  "  '^ 
sunset 

On  the  Ist  of  February,  1744,  Chizeaux  observed  a  comet  more 
than  the  brightest  star  in  the  heavens,  which  soon  became  equal  m 
dour  to  Jupiter,  and  in  the  beginning  of  March  it  was  visible  in  the  w 
of  the  sun.     By  selecting  a  proper  position  for  observation,  on  the  littf 
March  it  was  seen  at  one  o'clock  in  the  afternoon  without  a  telesoepa 

Such  is  the  amount  of  evidence  which  ohserration  has  soppM 
respecting  the  existence  of  a  solid  nucleus.  The  most  thai  osa  b 
Aaid  of  it  is^  that  it  presents  a  plausible  argumenti  giving  aoas  |i«* 


COMBTS.  521 

btbilltj,  bat  no  poeitive  certainty,  that  comets  have  visited  our 
•ystein  which  have  solid  nuclei,  bat,  meanwhile,  this  can  only  be 
maiDtained  with  respect  to  few:  most  of  those  which  have  been 
ieen,  and  all  to  which  very  accurate  observations  have  been  directed, 
have  afforded  evidence  of  being  mere  masses  of  semi-transparent 
matter. 

3087.  The  tail.  —  Although  by  far  the  great  majority  of  comets 
are  not  attended  by  tails,  vet  that  appendage,  in  the  popular  mind, 
11  more  inseparable  from  the  idea  of  a  comet  than  any  other  attribute 
of  these  bodies.  This  proceeds  from  its  singular  and  striking  ap- 
pearance, and  from  the  fact  that  most  comets  visible  to  the  naked 
•ye  bave  had  tails.  In  the  year  1531,  on  the  occasion  of  one  of  the 
visits  of  Halley^s  comet  to  the  solar  system,  Pierre  Apian  observed 
that  the  comet  generally  presented  its  tail  in  a  direction  opposite 
to  that  of  the  sun.  This  principle  was  hastily  generalized,  and  is 
even  at  present  too  generally  adopted.  It  is  true  that  in  most  cases 
the  tail  extends  itself  from  that  part  of  the  comet  which  is  most 
remote  from  the  sun ;  but  its  direction  rarely  corresponds  with  the 
direction  which  the  shadow  of  the  comet  would  take.  Sometimes 
it  haa  happened  that  the  tail  forms  with  a  line  drawn  to  tbc  sun  a 
considerable  angle,  and  cases  have  occurred  when  it  was  actually  at 
right  angles  to  it.    • 

Another  character  which  has  been  observed  to  attach  to  the  tails 
of  comets,  which,  however,  is  not  invariable,  is,  that  they  incline 
constantly  toward  the  region  last  quitted  by  the  comet,  as  if  in  its 
progress  through  space  it  were  subject  to  the  action  of  some  resist- 
ing medium,  so  that  the  nebulous  matter  with  which  it  is  invested, 
suffering  more  resistance 'than  the  solid  nucleus,  remains  behind  it 
and  forms  the  tail. 

The  tail  sometimes  appears  to  have  a  curved  form.  That  of  the 
comet  of  1744  formed  almost  a  quadrant.  It  is  supposed  that  the 
convexity  of  the  curve,  if  it  exists,  is  turned  in  the  direction  from 
whicb  the  comet  moves.  It  is  proper  to  state,  however,  that  these 
circumstances  regarding  the  tsril  have  not  been  clearly  and  satisfac- 
torily ascertained. 

The  tails  of  comets  are  not  of  unifonu  breadth  or  diameter ;  they 
appear  to  diverge  from  the  comet,  enlarging  in  breadth  and  dimin- 
ishing in  brightness  as  their  distance  from  the  comet  increases. 
The  middle  of  the  tail  usually  presents  a  dark  stripe,  which  divides 
it  longitudinally  into  two  distinct  parts.  It  was  long  supposed 
that  this  dark  stripe  was  the  shadow  of  the  body  of  the  comet,  and 
this  explanation  might  be  accepted  if  the  tail  was  always  turned 
from  the  sun ;  but  we  find  the  dark  stripe  equally  exists  when 
tbe  tail,  being  turned  sideward,  is  exposed  to  the  effect  of  the  sun's 
light. 

Thii  appearance  is  uauaUjr  exphdned  by  tbe  auppoeitioTi  \!^^\*  V^ift 

44  * 
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holiow,  conical  stell  of  vapour,  the  external  tri 
US0SSC9  a  cerlain  thickness.     When  we  view  il, 
1  considerable  tliickncss  of  vnpour  at  ihe  edges,  and 
alively  small  quantity  at  tbe  middle.     Tbus  iipoU 
>f  a  hollow  cone,  the  greatest  brightuesa  would  i 
,  and  tlie  existcece  of  a  durk  space  in  tbe  middle  ' 
accounted  for. 

,iU  of  comeU  sro  not  always  single ;  some  have  *p 
times  with  several  separate  tails.      The  comet  i 
ipeared  on  the  7th  or  8th  of  March,  bad  six  k 
in   breadth,  and  from  SO"  to  44"  in  length.      Tl 
1  defined  and  tolerably  bright,  and  tbe  spaces  betwi 
krk  as  the  other  parts  of  the  bearens. 
lils  of  cornels  have  freqiienilyappeared,  not  only  erf 
jth,  but  extending  over  cooBiderable  spaces  of  tbe 
■a  easily  understood  that  the  apparent  length  dvpi 
ipon  the  real  length  of  tbe  tail,  and  tbe  position  itf 
ted  to  the  eye.     If  tbe  line  of  vision  be  at  right ' 
ngth  will  appear  us  great  as  it  con  do  at  ita  exi 
F  it  be  obli(|ue  to  the  eye,  it  will  bo  foreshortened. 
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rood  eflfeoU  of  their  graTitotion,  and  thoae  of  any  known  bodies  in 
the  system  eould  be  observed.  But  although  the  disturbing  action 
of  the  planets  on  these  bodies  is  oonspicnoos,  and  its  efiects  have 
been  oalcnlated  and  observed,  not  the  slightest  effect  of  the  same 
kind  has  ever  been  ascertained  to  be  produced  by  them,  even  upon 
the  smallest  bodies  in  the  system,  and  those  to  which  comets  have 
approached  most  nearly. 

In  fine,  notwithstanding  the  enormous  number  of  comets,  observed 
and  unobserved,  which  constantly  traverse  the  solar  system  in  all 
eoneeivable  directions;  notwithstanding  the  permanent  revolution 
iji  the  periodic  comets,  whose  presence  and  orbits  have  been  aseer- 
tuned;  notwithstanding  the  frequent  visits  of  comets,  which  so  tho- 
roughly penetrate  the  system  as  almost  to  touch  the  surface  of  the 
son  at  their  perihelion,  the  motions  of  the  various  bodies  of  the 
sjstem,  great  and  small,  planets  major  and  minor,  planetoids  and 
satellites,  go  on  precisely  as  if  no  such  bodies  as  the  comets  ap- 
pfoacfaed  their  neighbourhood.  Not  the  smallest  offsets  of  the 
attraction  of  such  visitors  are  discoverable. 

Now  since,  on  the  other  hand,  the  disturbing  effects  of  the  planets 
upon  the  comets  are  strikingly  manifest,  and  since  the  comets  move 
in  elliptic,  parabolic,  or  hyperbolic  orbits,  of  which  the  sun  is  the 
common  focus,  it  b  demonstrated  that  these  bodies  are  oom posed  of 
ponderable  matter,  which  is  subject  to  all  the  consequences  of  the 
law  of  gravitation.  It  cannot,  therefore,  be  doubted  that  the  comets 
do  produce  a  disturbing  action  on  the  planets,  although  its  effects 
are  inappreciable  even  by  the  most  exact  observation.  Since,  then, 
the  disturbances  mutually  produced  are  in  the  proportion  of  the  dis- 
turbing masses,  it  follows  that  the  masses  of  the  comets  must  be 
amaller  beyond  all  calculation  than  the  masses  even  of  the  smallest 
bodies  among  the  planets  primary  or  secondary. 

The  volumes  of  comets  in  general  exceed  those  of  the  planets  in 
a  proportion  nearly  as  great  as  that  by  which  the  masses  of  the 
planets  exceed  those  of  the  comets.  The  consequence  obviously 
resulting  from  this,  is  that  the  density  of  comets  is  incalculably 
amalL 

Their  densities  in  general  are  probably  thousands  of  times  less 
tlurn  that  of  the  atmosphere  in  the  stratum  next  the  surface  of  the 
earth. 

8089.  Light  o/ameU,  —  That  planets  are  not  self-luminous,  but 
reoeive  their  light  from  the  sun,  is  proved  by  their  phases,  aud  by 
tho  shadows  of  their  satellites,  which  are  projected  upon  tbem,  when 
the  latter  are  interposed  between  them  and  the  sun.  These  tests 
aro  inapplicable  to  comets.   They  exhibit  no  phases,  and  are  attended 

S'  no  bodies  to  intercept  the  sun's  light     But,  unless  it  could  be 
own  that  a  comet  is  a  solid  mass,  impenetrable  to  lVi«  wAai  iv^^^ 
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the  BOD-ezifltoBee  of  phtMs  Ib  not  a  proof  thai  iha  My  iMMmA 
leoeWe  its  Ugbt  firom  the  oan. 

A  meie  muB  of  ekNid  or  ^poar,  thoii^  Ml  mi§4amSmmf  kl 
i^ndered  virible  by  borrowed  l^bt^  woald  alill  o^ftit  bo  ifiMlrf 
this  kiad :  its  imperfect  opacity  woald  allow  the  ablar  ligM  la^tfil 
its  coostitoent  parts  throoghoot  its  OBtire  depth— ao  tha^  lik»B  Hm 
fleecy  cloud,  it  woald  appear  Bot  superflcially  illnwinalfJ,  hal  * 
cnviDg  and  leflectmg  Ught  throagb  all  its  dimaaaona.  With  mpil 
to  oooietsi  therefore,  the  doabt  which  has  eiiated  i%  whelhw  thi 
light  which  proceeds  from  them,  and  by  which  thaj  baoossa  iiAI% 
is  a  light  of  their  own,  or  is  the  light  of  the  son  shiaiag  qpaBllM 
and  reflected  to  oar  eyes  like  Ikht  from  a  doad.  Amapg  asiip 
tests  wluich  haye  been  proposed  to  decide  this  question, . am. 
gested  by  Arago  merits  attention. 

It  has  been  already  shown  (1181  el  se^.),  that  tha 
brightness  of  a  Tisible  object  is  the  same  at  all  diataneea, 
its  real  brightness  to  remain  unchanged.  Now  if  oometa  ahoaa 
their  proper  light,  and  not  by  light  reoeifed  from  tha  ana, 
apparent  brightness  would  not  decrease  ss  they  would  needle 
the  son,  and  they  would  cease  to  be  visible,  not  becanss  cf  tfa 
fitintness  of  their  light,  but  because  of  the  smallness  of  thdr  a^ 
parent  magDitudc.  Now  the  contrary  is  found  to  be  the  case.  Ai 
the  oomet  retires  from  the  sun  its  apparent  brightness  r^iidly 
decreases,  and  it  ceases  to  be  visible  from  the  mere  faintness  ef  id 
light,  while  it  subtends  a  considerable  visual  angle. 

3090.  Enlargement  of  magnitude  on  departing  yrom  the  «a.— 

It  will  doubtless  excite  surprise,  that  the  dimensions  of  a  eooMk 

should  be  enlarged  as  it  recedes  from  the  source  of  heat     It  htf 

been  often  observed  in  astronomical  inquiries,  that  the  eflects,  whkh 

at  first  view  seem  most  improbable,  are  nevertheless  those  wbiflh 

frequently  prove  to  be  true ;  and  so  it  is  in  this  case.     It  was  kaf 

believed  that  comets  enlar/ied  as  they  approached  the  sun ;  and  tkii 

supposed  effect  was  naturally  and  probably  ascribed  to  the  heat  of  tk 

sun  expanding  their  dimensions.     But  more  recent  and  exact  obi» 

vations   have   shown   the  very  reverse  to  be   the   facts.     ComH 

increase  their  apparent  volume  as  they  recede  from  the  sun;  wd 

this  is  a  law  to  which  there  appears  to  be  no  well-ascertained  d* 

ception.      This   singular  and   unexpected   phenomenon   has  bcci 

attempted  to  bo  accounted  for  in  several  ways.     Yalz  ascribed  it  B 

the  pressure  of  the  solar  atmosphere  acting  upon  the  comet;  tbt 

atmosphere  being  more  dense  near  the  sun,  compresses  the  coaH 

and  diminishes  its  dimensions;  and,  at  a  greater  distance,  bdif 

relieved  from  this  coercion,  the  body  swells  to  its  natural  bulk.    A 

very  ingenious  train  of  reasoning  was  produced  in  support  of  tks 

theory.     The  density  of  the  solar  atmosphere  and  the  elasticitj  rf 

the  comot  being  assumed  to  be  such  as  they  might  naturally  be  Mf 
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potedy  the  ^riations  of  the  comers  bulk  are  deduced  by  etriel 
reaeoniDg,  and  show  a  surprising  coincidence  with  the  observed 
change  in  the  dimensions.  But  this  hypothesis  is  tainted  by  a  &tal 
error.  It  proceeds  upon  the  supposition  that  the  comet,  on  the  one 
band,  is  formed  of  an  elastic  gas  or  vapour ;  and,  on  the  other,  that 
it  is  impervious  to  the  sohir  atmosphere  through  which  it  moves. 
To  establish  the  theory,  it  would  be  necessary  to  suppose  that  the 
elastic  fluid  oompoeiog  the  comet  should  be  surrounded  by  a  nappe 
or  envelope  as  elastic  as  the  fluid  composing  the  cornet^  and  yet 
whdUy  impenetrable  by  the  solar  atmosphere. 
After  several  ingenious  hypotheses  *  having  been  proposed  and 
uvely  reject^  for  explaining  this  phenomenon,  it  seems  now 


imed  to  as<»ibe  it  to  the  action  of  the  varying  temperature  to 
wnicli  the  vapour  which  composes  the  nebulous  envelope  is  exposed. 
As  the  comet  approaches  the  sun,  this  vapour  is  converted  by  in- 
tense heat  into  a  pure,  transparent,  and  therefore  invisible  elastic 
fluid.  As  it  recedes  from  the  sun,  the  temperature  decreasing,  it  is 
partially  and  gradually  condeDsed,  and  assumes  the  form  of  a  semi- 
transparent  visible  cloud,  as  steam  does  escaping  from  the  valve  of  a 
steam  boiler..  It  becomes  more  and  more  voluminous  as  the  distance 
6om  the  source  of  heat,  and  therefore  the  extent  of  condensation,  is 
augmented. 

8091.  Pro/euor  Slnive's  drawingi  of  EncJe4*s  comet,  —  Pro- 
ftesor  Struve  made  a  series  of  observations  on  the  comet  of  Encke, 
at  the  period  of  its  re-appearance  in  1828,  and  by  the  aid  of  the 
great  Dorpat  telescope,  made  the  drawings  given  in  PI.  XIY. ,fg8. 
land  2. 

Pig.  1  represents  the  comet  as  it  appeared  on  the  7th  November, 
the  diameters  a  h  and  c  d  measuring  each  18'.  The  brightest  part 
of  the  comet  extended  from  a  to  x,  and  was  consequently  eccentric 
to  it,  the  distance  of  the  centre  of  brightness  from  the  centre  of 
magnitude  being  %  K.  Between  the  7th  and  the  30th  November, 
the  magnitude  of  the  comet  decreased  from  that  represented  in  fig,  1 
to  that  represented  in  fig,  2  ;  but  the  apparent  brightness  was  so 
much  increased,  that  at  the  latter  date  it  was  visible  to  the  naked 
eye  as  a  star  of  the  6th  magnitude.  The  apparent*  diameter  was 
then  reduced  to  9'. 

On  November  7th  a  star  of  the  11th  magnitude  was  seen  through 
the  comet,  so  near  the  centre  x  of  brightncHS  that  it  was  for  a  mo- 
ment mistaken  for  a  nucleus.  The  brightness  of  the  star  was  not  in 
the  least  perceptible  degree,  dimmed  by  the  mass  of  cometary  matter 
through  which  its  light  passed. 

It  was  evident  that  the  increase  of  the  brightness  of  the  comet 


*  For  several  of  these,  see  Sir  J.  Horschers  memoir,  Proceedings  of  Aa^ 
tsonoBioal  ^om&ty,  tdl.  wL  p,  104. 
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<m  die  SOili  Novemberi  most  be  aaeribed  to  Uie  otmUmSfm  wd 
eoneeqnent  oondensatioDi  of  the  neboloiu  mfttter  oomposwf  it  m 
reoeding  from  the  Ban,  for  ita  distenoe  from  the  eerth  on  ne  7lk 
Noyember,  whea  it  subtended  an  angle  of  18',  waa  0*515  ((h» 
earth's  mean  distance  from  the  sun  being  =1);  while  its  distUM 
on  the  dOth,  when  it  subtended  an  angle  of  9^,  was  only  0*477.  Iti 
cnbioal  dimensions  musty  therefore^  have  been  diminished^  and  tk 
density  of  the  matter  oomposing  it  augmented  injiiorethanaBeig^t> 
fidd  proportion. 

8092.  Remarkable  pkjfneal  phenomena  manifeUed  by  MoBtjft 
comeL  —  The  expectation  so  generally  entertained,  that,  on  the  oo* 
casion  of  its  return  to  perihelion  in  1885,  this  oomet  wouU  slid 
observers  occasion  for  obtaining  new  data,  for  the  fonndatioB  rf 
some  satisfiictory  views  respecting  the  physical  oonstitntion  of  thi 
dass  of  which  it  is  so  striking  an  example,  wss  not  disappomtei 
It  no  sooner  re-appeared  than  phenomena  b^an  to  be  manifettsd^ 
preceding  and  accompanying  the  gradual  formation  of  the  tul,  thi 
observation  of  which  has  been  most  justly  regarded  as  formisgs 
memorable  epoch  iA  astronomical  history. 

Happily,  these  strange  and  important  appearances  ifere  obeervrf 
with  the  greatest  zeal,  and  delineated  with  the  most  elaborate  and 
scrupulous  fidelity  by  several  emineDt  astronomers  in  both  bemi- 
spheres.  MM.  Bessel,  at  Konigsberg,  Scbwabc,  at  Dessau,  aad 
.  Struve,  at  Pultowa,  and  Sir  J.  Ilcrschel  and  Mr.  Maclear,  at  tbe 
Cape  of  Good  Hope,  have  severally  published  their  observatioDS, 
accompanied  by  numerous  drawings,  exhibiting  the  successive  tnui9- 
formations  presented  under  tbe  physical  influence  of  varying  tcluper- 
ature,  in  its  approach  to  and  departure  from  the  sun. 

Tbe  comet  first  became  visible  as  a  small  round  nebula,  without 
a  tail,  and  having  a  bright  point  more  intensely  luminous  than  the 
rest  eccentrically  placed  within  it.  On  tbe  2d  October,  the  tail 
began  to  be  formed,  and,  increasing  rapidly,  acquired  a  length  of 
about  5^  on  the  5th ;  on  the  20th  it  attained  its  greatest  lengtb, 
which  was  20^.  It  began  after  that  day  to  decrease,  and  its  dimi- 
nution was  so  rapid,  that  on  the  29th  it  was  reduced  to  3^,  axHl  oo 
the  5th  November,  to  2}^.  Tbe  comet  was  observed  on  tbe  daj 
of  its  perihelion  by  M.  Struve,  at  the  Observatory  of  Pultowa,  whea 
no  tail  whatever  was  apparent. 

The  circumstances  which  accompanied  the  increase  of  the  tail 
from  2d  October,  until  its  disappearance,  wore  extremely  remarb- 
ble,  and  were  observed  with  scrupulous  precision,  simultaneously  by 
Besscl,  at  Konigsberg,  by  Struve,  at  Pultowa,  and  by  Schwabe,  it 
Dessau,  all  of  whom  made  drawings  from  time  to  time,  delineatiDg 
the  successive  changes  which  it  underwent. 

.    On  the  2nd,  the  commencement  of  the  formation  of  the  tail  took 
place  by  the  appearance  of  a  violent  ejection  of  nebulous  nutter 
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I  that  |>art  of  the  oomet  whioh  was  presented  towards  the  mm. 
I  ejection  was,  however,  neither,  uniform  nor  continuous.  Like 
fiery  matter  issuing  from  the  crater  of  a  Toloano,  it  was  thrown 
i.t  intervals.  After  the  ejection,  which  was  conspicuous,  accord- 
to  Bessel,  on  the  2nd,  it  ceased,  and  no  efflux  was  observed  for 
ral  dajs.  About  the  8th,  however,  it  recommenced  more  vio- 
y  than  before,  and  assumed  a  new  form.  At  this  time  Schwabe 
sed  an  appearance  which  he  denominates  a  ''  second  tai],^^  pre- 
>d  in  a  direction  opposed  to  that  of  the  original  tail,  and,  there- 

towards  the  sun.  This  appearance  seems,  however,  to  be 
rded  by  Bessel  merely  as  the  renewed  ejection  of  nebulous 
:er  which  was  afterwards  turned  back  from  the  sun,  as  smoke 
Id  be  by  a  current  of  air  blowing  from  the  sun  in  the  direction 
be  original  tail. 

rom  the  8th  to  the  22nd,  the  form,  position,  and  brightness  of 
nebulous  emanations  underwent  various  and  irregular  changes, 
last  alternately  increasing  and  decreasing. 
1.1  one  time  two,  at  another  three,  nebulous  emanations  were 
trved  to  issue  .in  diverging  directions.  These  directions  were 
inually  varying,  as  well  as  their  comparative  brightness.  Soroe- 
»  they  would  assume  a  swallow-tailed  form,  resembling  the 
le  issuing  from  a  fan  gas-burner.     The  principal  jet  or  tail  was 

observed  to  oscillate  on  the  one  side  and  the  o^her  of  a  line 
vn  from  the  sun  through  the  centre  of  the  head  of  the  comet, 
stly  as  a  compass  needle  oscillates  between  the  one  and  the 
!r  side  of  the  magnetic  meridian.  This  oscillation  was  so  rapid, 
i  the  direction  of  the  jets  was  visibly  changed  from  hour  to 
r.  The  brightness  of  the  matter  composing  them,  being  most 
use  at  the  point  at  which  it  seemed  to  be  ejected  at  the  nucleus, 
id  away  as  it  expanded  into  the  coma,  curving  backwards,  in 
direction  of  the  principal  tail,  like  steam  or  smoke  before  the 
cL 

093.  Struve's  drawings  of  the  comet  approaching  the  sun  in 
5. — These  curious  phenomena  will,  however,  be  more  clearly 
seived  by  the  aid  of  the  admirable  drawings  of  M.  Struve,  which 
have  reproduced  with  all  practicable  fidelity,  in  Plates  XV., 
1.,  and  XVII.  These  drawings  were  executed  by  M.  Kruger, 
eminent  artist,  from  the  immediate  observation  of  the  appear- 
*8  of  the  comet  with  the  great  Fraunhoffer  telescope,  at  the 
towa  Observatory.  The  sketches  of  the  artist  were  corrected  by 
astronomer,  and  only  adopted  definitively  after  repeated  compa- 
ns  with  the  object.  The  original  drawings  are  preserved  in  the 
iry  of  the  observatory. 

094.  Its  appearance  29th  September.  —  Plate  XV, f  Jig.  1,  re- 
«nts  the  appearance  of  the  comet  on  the  29th  September.  Tli^ 
ins  diEScah  to  be  reoogaised,  appearing  to  be  comi^o^  ol  n^t^ 
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ilni»  ^natter.  Tbe  nucleus  passed  «1moBt  oentricall j  ortr 
n^nitade,  wilhont  in  Ibe  slightest  degree  »(F«l- 
Tigbtness.  The  fitar  was  didtiactlj  seen  tbrong^ 
the  comet.     Aootber  tniDsit  of  a  star  took  place 

u  in  uie  ecale,  according  to  wb'icb  this  dniriog  bu  b«ei 
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Appeararux  on  0  —     bis  is  KpreaeotGd  in;^.  !, 

01  some  scnie. 

comet  changed  not  its  magnitude  and  fnrni,  but  also  it> 

po  I  since  Seplember  2t'.      On  tbut  dny  the  direction  of  the  tail 

«  at  of  tbe  parallel  of  deelioation  through  the  bead.  On  0> 
tt  3,  it  was  incliued  from  that  parallel  towards  ifae  uortfa  it  i 
m  ■ogle,  and,  ioslcad  of  being  straight,  was  curved.  The  dii- 
ncKi'  of  the  head  was  increased  in  tbe  ralio  of  2  to  3,  acrd  the 
kngth  of  tbe  tail  in  the  ratio  of  nearly  1  b)  3. 

3090.   AppeortiiKf  on    O'tohi-r   8.  — Plate   XVI.  Jig.   1.     This 
dnwiog  is  made  on  tbe  Bubjoioed  soale  of  Becoods. 
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On  the  5th,  (t(b,  and  7tb,  tbe  oomet  underwent  serenl  <^ugM; 
the  nucleus  became  more  conspicuous.  On  the  6tb,  a  fiu-feraed 
flame  issued  from  it,  which  disappeared  on  tbe  Tth,  and  r»appeHcd 
on  the  8th  with  increased  splendour,  as  represented  in  tbe  Ggnn. 
Tbe  nucleus  appeared  like  a  burning  coal,  of  oblong  form,  wuij^ 
lowisb  colour.  Tbe  extent  of  tbo  flame-like  elongation  was  aboit 
80".  The  feeble  nebula  surrounding  tbe  nuclei  extended  mneh  b«- 
TOttd  tbe  limits  of  tbe  drawing,  but,  being  overpawered  bj  th«  mew- 
ught,  could  not  he  measured. 

8097.  Appearance  on  October  9.— Plate  XVI.  Jig.  2,  same  weitt, 
represents  tbe  nucleus  and  flame-like  emanation,  wbicb  eoMr 
ohanged  tbeir  form  and  magnitude  since  the  preceding  night  TW 
tail  (not  included  in  tbe  drawing)  measured  very  nearly  2°.-  3V 
flame  consisted  of  two  parts,  one  resembling  (hat  seen  on  tbe  Sd^ 
and  ibo  other  issuing  like  tbe  jet  from  a  blow-pipe  in  »  direction  it 
right  angles  to  it.  Tbe  figure  represents  the  nuoletu  and  flaaa  m 
they  appeared  at  21*-  sid.  time,  with  a  magnifying  power  of  261. 

3098.  Appearance  on  October  10.  — Plate  XVLjl^.  3,  oo  (k 
Mme  scale.  The  toil,  whiob  still  measured  nearly  2°,  was  ix'* 
uush   brighter,  being  viable  to  the  naked  eye,  iK>twi(tiattadii| 
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\g  moonlight  The  coma  was  evidently  broader  than  the  tail, 
laming  nacleoa  is  represented  in  the  drawing  as  it  appeared 
IT  a  magnifying  power  of  86,  with  a  field  of  18'  diameter,  the 
e  of  which  was  filled  with  this  coma.  The  diameter  of  the 
r  must,  thereforei  have  been  more  than  18'.  The  drawing  was 
D  at  21  ^  s.  t 

)99.  Appearance  on  October  12.  —  Plate  XVL  fy.  4,  on  the 
»  Bcale.  The  comet  appeared  at  0  h. — 25  m.  js.  t,  for  a  short 
Tal,  in  uncommon  splendour,  the  nucleus  and  flame,  howeyer, 
5  being  visible,  as  represented  in  the  drawing.  The  greatest 
at  ctf  the  flame  measured  64"-7.  Its  appearance  was  most  beau- 
,  resembling  a  jet  streaming  out  from  the  nucleus  like  flame 
;  a  blow-pipe,  or  the  flame  from  the  discharge  of  a  mortar,  at- 
ed  with  the  white  smoke  driven  before  the  wind. 
LOO.  Appearance  on  October  14. — Plate  XVI.  yty.  5,  on  the 
)  scale.  The  principal  flame  was  now  greatly  enlarged,  extend- 
to  the  apparent  length  of  134".  Its  deflection  and  curved  form 
most  remarkable. 

101.  Appearance  on  October  29.  — A  cloudy  sky  prevented  all 
rvation  for  12  days.  On  the  27th,  the  comet  appeared  to  the 
d  eye  as  bright  as  a  star  of  the  third  magnitude,  the  tail  being 
nctly  visible.  The  coma  surrounding  the  nucleus  appeared  as 
iform  nebula.     The  tail  was  curved,  and  of  great  length ;  but, 

fto  the  low  altitude  at  which  the  observation  was  taken,  it 
not  be  ipeasured.  On  the  29th,  however,  the  comet  was  pre- 
sd  under  much  more  favourable  conditions,  and  the  drawings, 
9  XV.  Jig.  3,  and  Plate  ^  VII-  fiff'  1,  were  made.  The  former 
isents  the  entire  comet,  including  the  whole  visible  extent  of 
ail,  and  is  drawn  to  the  annexed  scale  of  minutes.     The  latter 
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SBents  the  head  of  the  oomet  only,  and  is  drawn  to  the  annexed 
r  of  seconds. 

MK^  Of/      tOff     wt     wr     Wf     KOrr    ttOff 
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i  20^  80^  s.  t.,  the  head  presented  the  appearance  represented  in 
e  XVII.  /ig.  1.  The  chief  coma  was  almost  exactly  circular,  and 
a  diameter  of  165".  With  a  power  of  198,  the  nucleus  ap- 
ed  as  in  the  figure,  the  diameter  being  about  1"*25  to  1*50. 
flame  issuing  from  the  nucleus,  curved  back  like  smoke  before 
wind,  was  very  conspicuous.  The  appearance  of  the  fQtTii«.^QTi 
i^tah  M  It  Luuea  from  the  nucleus  was  rei&ax\Da\>Vj  ^^eVs^^^ 
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an  aspect  altogether  different  from  that  under  which  it  was  seen 
before  its  perihclien.  It  had  evidently,  as  Sir  J.  Hcrscbcl  thinks, 
undergone  some  great  physical  change,  which  had  operated  an  CDtire 
transformation  upon  \L 

"  Nothing  could  he  more  surprising  than  the  total  change  which 
bad  taken  place  in  it  since  October.  ...  A  new  and  unexpected 
phenomenon  had  developed  itself,  quite  unique  in  the  h]st^>ry  of 
comets.  Within  the  well-defined  head,  somewhat  eccentrically 
placed,  vas  a  vivid  nucleus  resembling  a  miniature  comet,  with  a 
lieod  and  tail  of  its  own,  perfectly  distinct  from  and  considerably 
exceeding  in  intensity  the  nebulous  disk  or  envelope  which  I  have 
above  called  the  '  head.'  A  minute  bright  point,  like  a  small  star, 
was  distinctly  perceived  within  it,  bul;  which  was  never  quite  so  well 
defined  as  to  giv^the  fibsitive  assurance  of  the  existence  of  a  solid 
sphere,  much  less  could  any  phase  be  discoveredr"*- 

810^.  Observations  and  draibings  of  Messrs.  Machar  and  Smith. 
The  phenomena  and  changes  which  the  comet  presented  from  its 
reappearance  on  the  24th  of  January,  until  its  final  disappearance, 
have  been  described  with. great  clearness  by  Mp.  Maclear,  and  illus- 
trated by  a  beautSful  series  of  drawings  by  that  astronomer  and  his 
assistant^  Mr.  Smith,  in*  a^ memoir  which  appeared  in  the  tenth 
volume  of  the  Transactions  'of  the.  Hoyal  Astronomical  Society,  from 
whieh  we  reproduce  til^e  ser^s  of  illustrations  given  on  Plated  XVIII. 
and  JU^. 

•  8106.  Appearance  on  Jajituary  24.  —  The  comet  appeared  as  in 
fig,  1,  visible  to  the  naked  eye  as  a  star  of  the  second  magnitude. 
The  head  was  neafly  circular,  and  presented  a  pretty  well-defined 
planetary  disc,  encompasscdflby  ^.  coma  or  halo  of  delicate  gossamer- 
like  brightness.  dP»d'  diameter  of  the  head,  withotit  the  halo  or 
eoma,  measured  131'',  and  with  the  latter  492''. 

3107.  Appearance  on  January  25.  —  Fig.  2.  Circular  form 
broken,  and  magnitude  increased.  Three  stars  seen  through  the 
coma  and  one  through  the  head. 

8108.  Appearance  on  January  26.  —  Fig.  3.  Magnitude  again 
increased,  but  coma  diminished. 

8109.  Appearance  on  January  27 .  —  Fig.  4.  Comet  began  to 
lasnme  the  parabolic  form,  and  increase  of  magnitude  continued. 

8110.  Appearance  on  January  28.  —  Fig,  5.  The  coma  or  halo 
quite  invisible,  but  the  nucleus  appeared  like  a  faint  small  star. 
The  magnitude  of  the  comet  continued  to  increase.  The  observer 
fiuDcied  he  saw  the  faint  outline  of  a  tail. 

8111.  Appearance  on  January  30.  —  Fig.  6.  The  form  of  the 
comet  now  became  decidedly  parabolic.  The  breadth  across  tlie 
head  was  702",  being  greater  than  on  the  24th  in  the  ratiu  of  49  to 

*  Cape  ObserysLtionSf  p  897. 
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to  10,  wbbb  corresponds  to  sn  iacrcase  of  rolnm 

1  to  3,  supposing  tbe  form  to  remain  unchanged 
nated  that  the  eitensioo  in  length  gave  a  auperfici*! 
ulio  of  'db  to  1,  tchicb  would  correspood  to  a.  muel 
jilion  of  volnme. 

Appearance  on  Fchruarif  \.—Fig.  7.  FurthoT 
itude,  the  form  remaining  the  Mmo. 

Appearance  on  Ftbru,iry  7- —  Plate  XLX.  Jig. 
as  on  this  night  rendered  faint  by  the  effect  of  woo 

Appearancf  on  Frinwrj-  10.  —  Fig.  9.  Fnrthw 
ic.     A  star  visible  through  tbe  bodjr  of  the  comet. 

Appearance  on  February  16  ajid  23.  —  Fig», 
gnitude  went  on  increasing,  while  the  illuminatioi 
d  more  faiut,  and  this  continued  until  the  comet'* 
ice ;  the  outline,  after  a  short  time,  became  so  faiol 
ihe  surrounding  darkness,  leaving  a  bland  aebaloi 
iright  centre  enveloping  the  nucleus. 

jVufflftero/fome?*. —  According  to  Mr.  Hind,  tb< 
la  which  have  appeared  since  the  birth  of  Christ  In 
;enluryis  as  follows:   I.,  22  ;   II.,  23;   III.,  44; 

V^^^^2^II^6M^^2^^^ 
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CHAP.   XIX. 
THSORT  OF  VARIABLE  ORBITS. 

3119.  Conditions  under  which  elliptic  orbits  are  described, — 
If  any  namber  of  bodies  P,  p',  p",  &c.y  moviDg  with  any  velocities 
io  any  directions  whatever,  be  exposed  to  the  influenoe  of  the  at- 
traction of  a  central  body  s,  in  a  fixed  position,  such  attraction 
varying  in  its  intensity  inversely  as  the  square  of  the  distance  of  the 
attracted  body  from  s ;  and  if  at  the  same  time  the  several  bodies 
p,  p^,  p",  &C.J  exert  no  attraction  upon  each  other  or  upon  the  central 
bodyvS;  these  bodies  P,  p',  p",  &c.,  will  each  of  them  revolve  in  an 
ellipse  of  which  the  centre  of  the  attracting  body  s  is  the  focus.  Each 
of  these  elliptic  orbits  will  be  invariable  in  form,  magnitude,  and  po- 
sition, and  so  long  as  such  a  system  would  be  exposed  to  the  infiueDce 
of  no  other  force  than  the  central  attraction  of  s,  each  of  the  bodies 
p,  p',  p",  &c.,  would  continue  to  revolve  round  s  in  the  same  inva- 
riable orbit. 

The  general  proposition  here  enunciated  was  demonstrated 
by  Newton  in  the  first  book  of  his  celebrated  work  entitled  the 
Principia. 

3120.  Forces  other  than  the  central  attraction  would  destroy  the 
elliptic  form,  —  If,  however,  the  bodies  composing  such  a  system 
were  exposed  to  the  influence  of  any  other  attraction,  whether  pro- 
ceeding from  each  other  or  from  any  cause  exterior  to  and  inde- 
pendent of  the  system,  the  motions  of  P,  p',  p",  &c.,  would  no  longer 
take  place  in  such  elliptic  orbits.  Their  paths  would,  in  that  case, 
depend  on  the  directions,  intensities,  and  law  of  variation  of  those 
other  attractions,  whether  internal  or  external,  to  the  operation  of 
which  they  are  exposed.  If  such  forces  have  intensities  which  bear 
any  considerable  proportion  to  the  intensity  of  the  central  attraction 
exercised  by  s,  the  elliptic  form  impressed  on  the  orbits  by  the  latter 
would  be  altogether  effaced,  and  the  bodies  p,  p',  p'',  &c.,  would  be 
thrown  into  new  and  wholly  different  paths,  the  problem  to  deter- 
mine which  would  be  one  of  the  greatest  physical  complexity  and 
mathematical  difficulty. 

8121.  B^U  when  these  forces  are  feeble  compared  with  the  central 
attractiany  the  elliptic  form  is  only  slightly  affected,  —  But  if  the 
forces,  whether  internal  or  external,  to  the  operation  of  which  the 
system  is  exposed,  have  intensities  incomparably  more  feeble  than 
the  central  attraction  exercised  by  8  upon  p,  p',  p",  &c.,  then,  as 
maybe  readily  conceived,  the  influence  of  s  in  imparting  tlie  elliptic 
form  to  the  paths  of  P^  if,  '^\  &c.,  around  it,  will  sl\\\  \\x  \\i^  m^va 

45* 


584  A8T110N0MT. 

preyail.  These  paths  will  not,  in  striotneaii  be  dlipseai  htM,  ovat 
to  the  oomptratiyely  smtll  ef^  of  the  diatnrbiiig  Kne$,  Hwj  wiu 
deTiate  from  the  elliptio  fonii|  whieh  in  the  abeoiee  of  sndi  inH 
they  would  rigoroofiij  aasomey  in  a  degree  so  dight  as  to  be  eriy 
peroeptible  when  the  meet  exact  methods  of  ohserfalion  and  a» 
snrement  are  bronght.  to  bear  npoa  themi  and  in  manj  essM  Mt 
even  then  nntil  the  effects  of  saon  foeUe  foroes  have  been  aDsari 
to  aoenmnlate  daring  a  long  sneoessiott  of  nrdltttioQa. 

8122.  Tku  %$  the  cam  m  Ae aMemof  Ae  ThMmm.-^Wm^ 
happens  that  the  Gteat  Architect  of  the  Ihiimne  has  so  eooslntfri 
ity  tnat  in  all  cases  whateveTy  indioot  a  single  known  eaneption,  tb 
flwces  which  are  independent  of  the  cental  attraoCion  9,  wmmt 
they  be  those  which  arise  between  the  bodies  composing  the  snlBii^ 
or  whether  they  proceed  from  caoses  exterior  to  ioA  indepeoMl  rf 
them,  are  nnder  the  conditions  last  mentioned.  In  no  eaas  do  %m 
intensities  exceed  Tery  small  fractions,  sndi  as  an  tnmdndA,  h| 
more  generally  not  a  thousandth,  of  the  central  attraetioit  nam 
it  is  that  the  ellipticity  of  the  orbits  is  so  preseifedy  their  mi|pit 
todes  80  maintained,  and  their  positions  so  little  Tariable,  that  ie  dl 
cases  the  most  exact  means  of  obserTatlon,  and  in  genenl  loif 
periods  of  time,  are  necessary  to  discover  and  meaanre  the  cfaaaga 
produced  upon  them. 

3123.  Hence  proceed  great  faciUtxes  of  investigation  and  cahh 
lotion. — Hence  arise  consequences  of  vast  importaDoe  in  Uie  deTckf- 
ment  of  the  laws  of  nature  and  the  progress  of  physical  koowledii. 
The  problem  presented  by  a  system  subject  only  to  soeh  ftfSk 
interferences  with  the  influence  of  the  central  attraction,  is  incoBpi- 
rably  more  simple  and  easy  of  solution  than  would  be  that  of  a 
system  in  which  interfering  attractions  of  much  greater  relitifc 
intensity  might  prevail.  Methods  of  investigation  and  calcolatioo, 
as  well  as  modes  of  observation,  are  applicable  in  the  one  caseiwhieb 
would  be  altogether  inadmissible  in  the  other;  and  results  are  ob* 
tained  and  laws  developed  which  would,  under  the  more  oomplieatfli 
conditions  of  the  other  problem,  be  utterly  unattainable. 

3124.  Perturbations  and  disturbing  forces. '—The  central  attiifr 
tion,  therefore,  being  in  all  cases  regarded  as  the  chief  pretidiBf 
physical  power  by  which  the  system  is  held  together,  and  by  wUik 
its  motions  in  the  main  are  regulated,  the  orbits  of  the  rerdnig 
bodies  p,  p',  p",  &c.,  are  first  calculated  as  if  they  depended  aoliij 
upon  the  central  attraction  of  s.  This  gives  a  first,  but  very  ebRi 
approximation  to  them.  The  forces  by  which  they  are  M&did, 
independent  of  the  central  attraction  of  s,  are  then  aeverally  tikis 
into  account,  and  the  deviations,  minute  as  they  always  are,  ftm 
the  elliptic  paths  first  determined,  are  exactly  calculated.  Thtfi 
deviations  are  called  ptstprbanci^s  or  perturbations;  and  iki 
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foroeB  which  produee  them  are  called  disturbing  or  pkrtubbing 

VORCES. 

8125.  Method  0/ variable  elements, — The  instantaneous  ellipse, 
—-Let  a  hodj  p  be  supposed  to  revolve  in  a  certain  orbit,  subject  to 
the  central  attraction  f  of  a  certain  mass  s,  and  at  the  same  time  to 
a  disturbing  force  D  much  more  feeble  than  f  in  its  intensitj. 
There  are  two  ways  in  which  the  problem  to  determine  the  exact 
path  of  P  may  be  approached.  1st.  The  body  p  may  be  regarded 
as  under  the  influence  of  two  forces  F  and  D,  of  given  intensities  and 
directions;  and  its  actual  path  may  be  investigated  by  the  prin- 
ciples of  mathematical  and  physical  analysis.  This  path  would,  in 
every  case  presented  in  nature,  be  a  very  complicated  curve  of  no 
regular  form,  although  in  its  general  shape  and  outline  it  would 
diSer  very  little  from  an  ellipse  having  its  focus  at  s.  2ndly .  In- 
stead of  attempting  to  determine  the  exact  geometrical  character  of 
tbij  complicated  curve,  the  body  p  may  be  regarded  as  revolving 
round  s  in  an  ellipse,  the  form,  position,  and  Magnitude  of  which 
are  subject  to  a  slow  and  continuous  variation.  To  comprehend 
this  method  of  considering  the  motion  of  p,  let  the  disturbing  force 
D  be  imagined  to  be  suspended  at  any  proposed  point  of  p's  path. 
From  the  moment  of  such  suspension,  p  would  move  in  an  exact 
and  invariable  ellipse,  having  s  as  its  focus.  The  form,  position, 
and  magnitude  of  this  ellipse,  or,  what  is  the  same,  its  elements, 
that  is,  its  major  axis,  eccentricity,  longitude  of  perihelion,  inclioa- 
iion,  and  longitude  of  node,  would  be  exactly  deducible  from  p's  dis- 
tance from  8  at  the  moment  of  suspension  of  the  disturbing  force, 
its  velocity,  and  the  direction  of  its  motion.  The  problem  of  its 
determination  in  such  case  would  have  nothing  indeterminate. 
One,  and  but  one,  ellipse,  could,  under  such  conditions,  be  described. 

If  the  disturbing  force  D  be  imagined  to  be  suspended  at  another 
moment  and  at  a  different  point  in  the  path  of  p,  another  and  a  diffe- 
rent ellipse  would  be  in  the  ^ame  manner  described  by  P  after  such 
sospension.  If  the  interval  between  the  two  moments  of  such  sup- 
posed suspension  be  not  considerable,  as,  for  example,  when  they 
occur  at  different  parts  of  a  single  revolution  of  p  round  s,  the  two 
ellipses  will  not  in  general  have  any  appreciable  difference  in  any 
of  their  elements,  from  which  it  follows,  that  when  a  single  or  even 
several  revolutions  of  P  round  s  are  only  considered,  the  path  of  p 
may  in  general  be  regarded  as  an  ellipse  of  fixed  position  and  inva- 
riable form  and  magnitude,  such  as  P  would  describe  independently 
of  the  influence  of  d.  But  if  the  interval  between  the  two  moments 
ci  supposed  suspension  be  very  great,  as,  for  example,  when  it 
extends  to  a  long  series  of  revolutions  of  P  round  s,  then  the  dis- 
turbing effects  of  D,  having  accumulated  from  revolution  to  revo- 
lation,  will  become  verv  sensible  and  measurable,  and  the  two 
ellipsea  may  differ  one  from  the  other  in  any  or  all  of  their  elements, 
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IstenL  more  or  less  considerable  according  to  tbe  intensity 
Till  of  the  difitorbing  force  D. 

I  in  which  p  would  thus  move,  if  at  any  point  of  its 

n  of  the  disturbing  force  were  thus  suspended,  in  called 

Jantaneocs  ellipse." 

Bng  to  this  second  method  of  viewing  lie  cffecis  of  distuTb- 

1  therefore,  the  body  P,  which  is  subject  to  their  aetion,  ia 

moving  in  nn  elliptic  orbit  of  which  s  ta  the  focus ;  but 

supposed  froin  moment  to  moment  to  change  its  pod- 

nd  magnitude  io  a  certain  minute  degree.     The  portnx- 

j  thus,  ns  it  were,  transferred  from  the  body  p  to  tbe 

it  deEcribeg,  the  body  being  supposed  to  move  aa  a.  beajl 

on  3  fine  wire,  while  the  wire  itself,  being  flexible,  woaM 

irious  fomis,  the  bead  still  moving  along  it,  the  method 

denominated  as  that  of  "variable  elements," 

I  the  method  of  considering  the  ejfecta  of  disturbing  forcta 

f  adopted  by  Newlonj  under  the  title  of  moveable  orbio^ 

'1  generally  adopted  aE  the  most  simple,  clear,  and  con- 

"  investigating  and  explaining  the  pbeDomeQ&  of 

«  o/  the  dislurhin'jjbreei  in  ifif  cnx(g  praenitd 
r  fj/elcm  explained.  —  In  the  cases  which  are  presented  in 
I  system  of  the  world,  the  cslremelj  feeble  intensHiea  of 
g  forces,  compared  with  those  of  the  central  sttnictions, 
!  cases  from  ihe  vaatness  of  the  masses  of  the  centnl 
lose  of  the  disturbing  bodies;  in  others,  from  the 
e  distnnr*  of  the  centrnl  cnmpartd  with  that  of  the 
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amuM  it  pronaionall;  tor  tho  pesent  in  oar  esposition  of  the 

EDenl  effect!  of  the  disturbing  foroea  vhich  prevail  among  tbe 
dies  of  the  BjBtetn ;  premiung,  boweTer,  tbat  other  cenditjoas 
Iieaides  the  coneidentioi)  of  relative  maaseB  uid  prozimit;  will  be 
oeoesniy  for  tbe  exact  eitimatjos  of  the  effecta  of  tbe  diBturbing 
forees. 

S127.  Order  of  expotUion.  —  In  the  present  ohRpter  we  shall 
then  expUin  genera)!;,  witbont  referenoe  to  any  particular  distarb- 
ing  or  distorb^  body,  liie  effects  produced  by  distorbing  forces  upon 
the  elementa  of  the  orbit  of  tbe  dietarbed  body ;  and  in  the  sucoeed- 
iog  chapters  we  shall  show  the  applioation  of  the  general  priaeiples 
thus  established  to  the  most  important  cases  of  pertorbalion  pre- 
sented in  the  boUt  system . 

8128.  Retolution  of  the  dUturbing  farce  into  rectanfftUar  compo- 
Roili.  —  From  whatever  canse  the  disturbing  force  may  ariae,  it  can 
always  be  resolved  into  three  compoDents,  each  of  which  is  at  right 
angles  to  the  other  two;  and  its  effects  may  be  inTesUgated  by 
■seertoining  the  eeparBte  effects  of  each  of  these  components,  aad 
then  eombining  the  results  thus  obtained. 

Tbe  resolution  of  any  force  into  three  rectangnlar  oomponents 
parallel  to  three  lines  or  axis,  arbitrarily  cboeen,  is  a  process  of 

rt  utility  in  mathematical  physics,  and  one  wluob  is  based  upon 
general  principles  of  tbe  oomposition  and  resolntion  of  force, 
ignnerly  w>  fuUy  ezplaioed  and  illustrated  (144)  el  leq. 

To  render  this  more  clearly  intelligible,  let 
v,Jig.  822,  be  the  position  of  the  disturbed 
body  at  any  proposed  time,  and  let  the  direc- 
tion of  the  disturbing  force  d  be  p  R,  its  inten- 
nty  being  such  that,  if  no  other  force  acted 
on  p,  it  would  csnse  that  body  to  move  over 
PB  in  the  unit  of  time.  Let  PZ,  PX,  and 
P  T  be  tbe  three  axes  at  ri^ht  angles  to  each 
other,  taken  at  pleasure  id  any  directions 
along  which  the  disturbing  foroe  d  is  to  be 
resolved.  Suppose  three  lines,  Ra',  rh", 
and  BR'",  drawn  from  b  parallel  to  these 
~  three  axes,  PZ,  PT,  and  PX,  so  as  to  form 
the  rectangular,  die-shaped  solid,  called  a 
parallelopiped,  represented  is  tbe  figure. 
Now,  bj  tbe  piindples  of  elementary  geometry,  it  appears  that  r  b' 
rr'  la  a  raotaogla,  of  which  pb  is  die  diagonal.  It  follows,  there- 
fon  (154),  that  the  disturbing  force  o,  represented  by  P  R,  is  equiva- 
laat  to  two  forces  represented  by  P  a'  and  p  r".  But  P  r'"  *'  t"  being 
ftlao  %  leelaDgle,  the  eomponent  p  /  is  equivalent  to  two  oomponenta 
gated  Ey  rr"aiid  p r"',  directed  al<»ig  tha  axeasz.a^tl 


lif .  an. 
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,pr"  directed  along  PX.and  Pt^"  directed  alongPTre- 

If  the  aoglm  at.  which  the  direction  P  &  of  (he  disinr^ 

is  inclined  to  tlic  three  axes  F  x,  P  y,  and  f  z  be  known,  il 

obtain  aritbiDeticnl  cipressioiis  for  these  three  conipoDenli 

angles  R  p  X,  B  P  Y,  and  R  P  Z.  at  which  P  s  is  inclined  tt 
PX,  PY,  and  pz  respec lively-,  be  expressed  by  a.  a,  andyf 
he  three  eomponenls  Pr",  pr"',  and  pr'  be  expreswd  bj 

each  00°,  it  will  follow  thut 

ens.  a  ><  r>,           Y  =  CM.  ^  X   D,           Z  =  Coa.  ^  XD; 
by  the  figare  we  bavo 
P  e'  =  !•  R"  +  R  n",            H  B"  =  R'  R'"  +  R  R'", 

P  R'  =  P  B"  +  R'  R'"  +  R  R'", 
have                                                                                                    ' 
d'  =  x'  +  v'  +  z'. 
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itee  at  the  moment  the  disturbing  force  is  supposed  to  act,  such 
AguDt  being  io  effect  the  direction  of  p's  motion  at  that  moment. 
If  one  of  the  axes,  P  Y,  for  example,  be  taken  in  the  direction  of 
e  radius  vector,  the  other  will  necessarily  be  that  of  a  line  drawn 
rough  P  in  the  plane  of  the  orbit  perpendicular  to  the  radius 
etor. 

If  one  of  the  axes,  p  x,  for  example,  be  taken  in  the  direction 
the  tangent,  the  other  will  necessarily  be  that  of  the  normal 
the  orbit,  at  the  point  at  which  the  disturbing  force  is  supposed 
act. 

8130.  Orthogonal  component.  —  In  referring  to  these  several 
^thods  of  resolving  the  disturbing  force,  it  will  conduce  to  brevity 
d  clearness  to  give  the  several  components  distinct  designations 
iicativc  of  the  directions  which  they  have  in  relation  to  the  plane 
the  orbit,  and  to  the  position  of  the  disturbed  body  in  its  orbit 
»r  this  purpose  wc  shall  adopt  the  designations  which  have  been 
ready  proposed  for  them  by  elementary  writers. 
The  component  which  is  perpendicular  to  the  plane  of  the  orbit 
the  disturbed  body  will  then  be  distinguished  as  the  orthogonal 
)MPONENT  of  the  disturbing  force. 

3131.  Radial  and  transversal  components,  —  If  the  other  two 
^mponents  be  taken  in  the  directions  of  the  radius  vector,  and  of  a 
3e  in  the  plane  of  the  orbit  at  right  angles  to  it,  we  shall  call  the 
rmer  the  radial  and  the  latter  the  transversal  component. 

8132.  Tangential  and  nornud  components.  —  If  the  other  two 
Mnponents  be  taken  in  the  directions  of  the  tangent  and  normal 
'  the  orbit,  we  shall  call  the  former  the  tangential  and  the  latter 
le  normal  qomponknt. 

8133.  Orthogonal  romj>rm*'nt  affrcts  the  inclination  and  Oia 
Mfes.  — It  is  evident  that  of  these  components  the  orthogonal  alone 
m  have  any  disturbing  effect  upon  the  plane  of  p's  orbit.  The  other 
HDponents  being  all  iu  that  platif ,  can  have  no  tendency  to  move 
16  disturbed  body  P  into  any  other  piano.  The  orthogonal  com- 
Mieot,  however,  being  at  right  angles  to  the  plane  in  which  p  is 
toving,  must  have  a  direct  tendtrjcy  to  carry  P  out  of  that  plane, 
1  the  one  side  or  the  other,  according  to  the  direction  in  which  it 

5t8. 

This  component  therefore,  and  this  alone,  affects  the  inclination 
f  p's  orbit,  and  the  longitude  of  its  node.  The  kind  of  effect  it 
rodnces  on  these  elements  will  bo  explained  hereafter. 

8134.  Radial  and  transversal  components  affect  the  central  at' 
'Cbction  and  angular  motion,  —  To  explain  in  general  the  effect 
roduoed  on  p's  motion  by  the  radial  and  transversal  components  of 
16  disturbing  force,  let  p  r,  fg.  82o,  be  the  radial,  and  p  a  the 
raosvcrBal  component,  the  diagonal  vr  being  therefore  the  ^VLtt^l 
ke  ii^aitiuhwg  force  which  acts  in  the  piano  of  r*a  ot\Al. 
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Fi^.  923. 

dent  that  the  redial  component  P  e,  as  here  represented, 
the  effect  of  augmenting  the  attraction  bj  which  P  it 

ea  to  the  radius  vector,  wil!  have  n  teodcurj  to  iucreue 
ur  velocilj  of  P  roond  8,  since  this  angular  velocity  is 
b;  Ibc  motion  of  p,  at  right  angles  to  P  s,  the  ndiiu  p  I 
losed  to  be  given. 

omponents,  however,  may  be  otherwise  directed  in  rel»- 
e  radius  vector.     If,  for  example,  the  element  of  the  dii- 
rce  which  acta  in  the  plane  of  p'e  orbit  have  the  direction 
dial  component  nill  be  P  c",  and  its  transversal  p  a'.     Tbe 
ting  directly  against  s's  attruction  on  P,  would  have  a  lea- 
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Fig.  824. 

of  the  motaon  of  p^  as  have  heen  explained  in  relation  to  the 
radial  and  transversal  suh-coroponents,  and  which  will  be  easily 
comprehended  by  the  Jiff,  824. 

8186.  Ihntive  and  negative  components.  —  It  will  conduce  at 
ODoe  to  brevity  and  clearness  to  distinguish  each  of  the  com- 
ponentB  of  the  disturbing  force  according  to  its  direction,  with 
refereoce  to  the  motion  of  the  disturbed  body,  the  direction  of 
the  central  attraction^  and  the  plane  of  the  disturbed  orbit  We 
shall  therefore  consider  the  transversal  or  tangential  component 
aa  positive  or  +  when  it  acts  in  the  direction  of  p's  motion^ 
and  therefore  tends  to  accelerate  it;  and  negative  or  —  when 
il  acts  in  the  contrary  direction,  and  therefore  tends  to  retard  it. 
Wa  shall  in  like  manner  consider  the  radial  or  normal  compo- 
nent as  positive  or  +  when  it  acts  towards  the  concave  side  of 
F^s  orbity  and*  therefore  tends  to  augment  the  central  attraction, 
and  negative  or  —  when  it  has  the  contrary  direction,  and  tends 
to  diminish  the  central  attraction.  In  fine,  we  shall  consider  the 
orthogonal  component  positive  or  +  when  it  is  directed  towards 
the  ^ane  which  is  adopted  as  the  plane  of  reference^  and  nega- 
tive or  —  when  it  is  directed  from  that  plane. 

8187.  In  dtgMy  elliptic  orhitSy  the  normal  and  radial  com- 
ponentMj  and  the  tangential  and  transversalj  coincide.  —  It  is 
evident  that  when  the  elliptic  orbit  is  but  slightly  eccentric,  and 
therefore  very  nearly  circular,  the  radial  and  normal  components 
are  very  nearly  identical  in  their  direction ;  and,  in  like  man- 
ner, the  trahsversal  and  tangential  components  are  nearly  coinci- 
dent As  this  is  the  case  with  all  the  orbits  to  be  considered 
in  this  chapter,  we  shall,  without  again  recurring  to  this  point, 
consider  these  components  as  practically  identical. 

We  shall  then  explain,  in  the  first  instance,  without  special 
reference  to  any  particular  disturbing  body,  the  effects  which  are 
produced  upon  the  orbit  of  p,   1st,  by  the  laA^  com^\i^^\>\ 
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2odlv,  by  the  trangvcrsal  oomponcnt;    and   Srdly,  by  tbe  ortL»- 
goQiil  component  of  any  diBturbing  force  whatever. 


8138.  f^uable  ^lexeription  of  arrat  not  duturhed  by  i(.— Tb* 
eqnable  deacription  of  nreas  round  the  centre  being  indepeodeUof 
tbe  Uw  of  central  attraction,  and  ioTolving  no  other  condiuca, 
except  that  tbe  revolving  body  should  be  affected  by  no  force*  except 
auch  as  have  directions  poking  tbrnngb  the  fixed  cieDtre  (*259d).il 
will  not  be  affected  by  the  mdial  componcnl,  tbe  direction  of  wluii 
necessririly  posses  tbrougU  that  point. 

8139.  Jts  fffcrt  on  ihe  mean  tlittance  and  period.  —  Tf  M  eiprw 
the  central  mass,  a  tbe  mean  dislancc,  and  P  tbe  period  proper  t« 
the  inatantaneoUH  ellipse,  ne  shall  have,  according  to  what  his  ha» 


proved  (2034),  u 

=  ?■ 

Sov  tbe   radiiil   component  either  ug- 

DieDtB  or  dimioisl 
or  negative.     TJ. 
Dutioa  of  Ibc  ct 

a  the  01 

ntral  attraction,  according  as  it 
ivalent  to  a  niomeDlary  innran 
3  M,  nhicb  would  be  otlcDdod 

responding  incrca 

scordio 

inntionofi; 

Ibat  \s,  of  ibe  n 

tiooftk 

cnte  of  the  me.n 

distance 

to  the  square 

of  the  periodic  ti 

oeiotk 

instaalaucous  ellipse. 

3140.  ^  the  radial  componmil  vary  according  to  any  coaJitim 
vhich  dfprnd  toMjf  on  the  dUtance,  it  icifl  not  chanye  the.  /uno* 
magnitude  of  the  inetanlaniinit  eUipm. — It  has  been  establi.'.hH  a 
B  prineipio  of  high  generality  by  uiatbcmaticiaDs,  that  if  ibe  luf- 
ation  of  the  central  force  depend  only  on  the  distanec  of  the  revolriaj 
body  from  tbe  centre  of  attraction,  tbe  orbital  velocity  of  tbe  boJj. 
or  tbe  Epacc  it  moves  through  in  the  unit  of  timc^,  nill  also  dqw 
solely  on  tbe  di-^Innce.  Now,  from  this,  combined  with  tbe  gem 
principle  of  equnhle  area?,  it  may  be  inferred  ibat,  nndcr  »och  a» 
ditioO!',  the  Dpsides  of  tbe  inst-ontanenus  ellipse  will  be  alwsyo  ti  ih 
Btime  distances  from  the  centre  of  attraction.  For  the  ■psid<it  nM 
be  always  at  those  particular  di3tanee!>,  and  no  other,  at  wliioh  dl 
velocity  fwhich  by  tbe  supposition  depends  on  the  di^taoev)  ml 
liplied  by  tbe  distance  is  equal  to  twice  tbe  area  which  the  revoliwj 
body  describes  in  (he  nnit  of  linie,  that  being  necessarllv  ibc  ™m  'S 
Ihe  common  principles  of  elementary  geometry  when  the  dtrvrttf 
of  th"  motion  is  at  right  angks  to  tbe  radius  vector.  Tiiu 
therefore  always  give  Ihe  same  values  for  the  radii  vectores  •* 
are  at  right  angles  to  tbe  tangent,  or  what  ia  the  same,  to  tbe 
tiDCei  of  the  apatdes  of  tb«  instantaneous  ellipse  from  the  foco' 
Bat  it  i*  cl«at  tint,  \i  \h«  Suttuw  S  d;'  t&  ^Jm  «^Kdea  fii 
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focus  be  always  the  same,  the  major  axis  2  a,  and  the  ecccDtricitj 
c 

-,  will  also  be  always  the  same :  for  we  shall  have 
[a  .  • 

2a  =  d'  +  <f'',        2c  =  d"-d',        «  =  |^- 

Although  the  instantaneous  ellipse  be  thus  invariable  in  its  form 
tnd  magnitude,  under  the  conditions  here  assumed,  it  does  not,  how- 
ever, follow  that  it  is  equally  invariable  in  its  position.  It  may, 
and  does,  as  will  presently  appear,  in  certain  cases,  revolve  round 

the  centre  of  attraction,  its  major  axis  con- 
tinually shifting  its  direction,  so  that  the 
real  path  of  the  disturbed  body  will  be  such 
as  is  represented  in  fig.  825. 

3141.  Effect  of  a  gradually  increasing 
or  decreasing  radial  componenL  —  If  the 
radial  component,  whether  it  be  positive  or 
negative,  were  by  its  continual  increase  or 
Fig.  825  decrease  to  cause  the  effective  ceDtral  at- 

traction continually  to  increase,  the  revolving 
body  P  would  be  brought  every  revolution  nearer  and  nearer  to  the 
central  body  8 )  and  if  it  caused  the  effective  central  attraction  con- 
tinually to  decrease,  the  contrary  effect  would  be  produced.  In  one 
case,  the  angular  motion  of  the  revolving  body  would  be  continually 
accelerated  ;  and,  in  the  other  case,  cootinually  retarded. 

3142.  Effects  on  the  period  and  mean  motion  more  sensible  than 
those  on  the  mean  distance.  —  If  the  mean  distance  by  means  of 
such  radial  disturbances  as  here  described  should  be  varied  in  an 
extremely  small  proportion,  such,  for  example,  as  that  of  one  part 
in  a  million  in  each  revolution,  such  a  change  would  become  sen- 
sible, even  to  the  most  delicate  instruments  of  observation,  only  after 
the  lapse  of  centuries.  The  continual  change  effected  on  the  period, 
and  thereby  on  the  mean  motion,  would,  however,  tell  in  a  sensible 
manner  on  the  mean  place  of  the  body  in  a  comparatively  short 
time. 

8143.  Its  effect  on  the  position  of  the  apsides.  —  The  effect  of 
the  radial  component  on  the  direction  of  the  major  axis  of  the 
orbit,  will  vary  with  the  part  of  the  orbit  at  which  the  dis- 
turbed body  lis  found  at  the  moment  the  disturbing  force  acts 
upon  it 

3144.  It  diminishes  or  increases  the  angle  under  the  radius  vector 
and  tangent f  according  as  it  is  positive  or  negative.  — It  must  be 
considered  that,  in  general,  the  radial  component,  when  +,  has  a 
tendency  to  diminish  the  angle  nv^yfig.  818,  formed  by  the  direo- 
tioii  pn  of  p's  motion  and  the  radius  vector  8P*,  and,  \«\i^\i  —  ^Xjc^ 
increue  it.      This  will  be  nearly  self-evident  on  Vn^^c-VAT^^  ^^ 
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jig.  826.     If  Vp  represent  the  arc  of  the  orbit  which  * 
ia  going  to  describe  at  the  moment  that  the  force  R  uti    i 
upon  it ;  and  if  R  be  supposed  to  be  -f ,  nad  (faetefon    J 
lo  have  a  tendency  to  increaae  the  energy  of  the  force    I 
directed  to  c ;  it  is  evident  that  in  the  unit  of  time  tha    ] 
furec  which  previously  deflected  v  ia  p,  will  now  deflect 
it  still  more  to  p'  or  p" ;  so  that  the  arc  of  the  new  orbit 
V p'  or  I'p"  will  be  more  inclined  l*>  Pc,  that  is,  it  will 
make  a  Iciis  aoglo  with  it. 

If,   on   the  contrary,  h  be  negative,  it  will  tend  tA 
(iJuiiniKh  the  iutcnaity  of  the  central  force,  and  thora- 
forc  to  lessoa  the  obliquity,  or  increase  the  angle  dpO 
under  the  tangent  and  the  radius  vector, 
raise.!  or  depreseet  the  empty  /ocug  of  ihe  elliptie  orbit 

Jow  the  aj:U,  accordinij  lo  ihe  position  of  the  diituried 
elliptic  orbit.  — Let  s.Jig.  827,  be  the  place  of  the  cefr    i 

)'  the  empty  focus  of  the  insCantaneoaa  ellipse,  and  P,  ^, 
distucbcd  body  at  ditlerent  parte  of  the  ellipse.  It  ma^ 
■'    ■  llip.sa  of  small  eccentrioity,  the  radial  o 
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'  s  P  s'y  it  follows  that  the  decrease  of  /  p  s  will  cause  a  deereaie 
'  twice  the  magnitude  in  the  angle  8  p  s' ;  and,  since  the  direction 
'  8P  is  fixed,  that  of  P  s'  must  he  deflected  towards  P  s,  so  that  p  s^ 
ill  change  its  position  to  Ps.  But,  since  the  major  axis  of  the 
tipae  is  not  affected  hy  the  disturbing  force,  and  since,  by  the  pro- 
srties  of  the  ellipse,  ps+ps'  is  equal  to  the  major  axis,  it  follows 
uil  the  disturbing  force  will  not  change  the  length  of  P  8^.  To 
nnprehend,  therefore,  the  effect  of  the  disturbance,  we  haye  only 
» imagine  the  line  p  s  to  turn  on  p,  as  a  centre  towards  p  s,  and  to 
kke  the  position  P  t.  In  effect,  the  empty  focus  will  he  transferred, 
f  the  radial  component,  from  s'  to  s. 

Nqiw,  as  the  disturbed  body  approaches  nearer  to  m  n,  the  line 
uroogh  s'  at  right  angles  to  the  major  axis,  the  line  p  s',  drawn 
om  it  to  the  empty  focus,  approaches  more  and  more  to  the  direc- 
on  of  the  perpendicular  ms';  and  the  point  to  which  the  empty 
leoa  would  be  transferred  by  the  disturbing  force,  is  less  and  less 
imoyed  from  the  axis ;  and  when  the  disturbed  body  is  at  m,  that 
ittOB  is  disphu^  by  the  disturbance  to  another  point  upon  the  axis 
oarer  to  perihelion  p  than  s'. 

After  passing  m,  the  disturbed  body,  at  p',  for  example,  being 
sted  upon  as  before  by  a  positive  radial  component,  the  effect  will 
B  to  deflect  Ps'  towards  ^t>;  but  in  this  case,  the  angle  ps's 
eing  obtuse,  the  new  position  a^  of  the  empty  focus  will  lie  above 
le  axis. 

If  we  take  the  disturbed  body  at  p",  the  empty  focus  will  be 
ransferred  to  y',  a  point  still  above  the  axis.  As  the  disturbed 
ody  approaches  n,  the  point  to  which  the  empty  focus  is  transferred 
Dmes  nearer  and  nearer  to  the  axis,  and  lies  upon  it  when  the  dis- 
irbed  body  is  at  n. 

Thus,  it  appears,  that  while  the  disturbed  body  moves  from  m, 
brough  aphelion  a  to  ti,  the  point  to  which  the  empty  focus  would  * 
e  transferred  by  a  positive  radial  component  would  move  from  the 
xis  to  a  certain  distance  above  it,  and  would  again  return  to  the 
xis  when  the  disturbed  body  would  arrive  at  n. 

After  passing  n,  let  us  suppose  the  disturbed  body  at  any  point 
"'.  For  the  same  reasons  the  line  p"'  s'  will  be  deflected  from 
'"  8,  and  the  empty  focus  will  be  transferred  to  s'",  a  point  below 
le  axis. 

Thus  it  appears,  in  general,  that  while  the  disturbed  body  moves 
rem  m  through  a  to  n,  the  empty  focus  is  transferred  to  points 
lOre  or  less  above  the  axis,  and  while  it  moves  from  n,  through  p 
3  m,  it  is  transferred  to  points  more  or  less  below  it. 

3146.  Effects  of  a  positive  radial  component  on  the  apsides,  —  It 
I  evident,  therefore,  that  a  positive  radial  component  will  change 
be  direction  of  the  apsides,  or  of  the  major  axis  of  the  instauta- 
jeoua  ellipse.     The  new  direction  given  at  each  poinl  V>  \Xi^  m^Y^x 

46* 


ASTRONOMY. 

5  that  of  ihe  line  drawn  from  s,  through  the  new  pontion 
pty  focus,  it  will  bo  cTiiient,  from  what  has  just  been  ex- 
lat  while  tho  disturbed  body  morea  from  m  through  a  to 
r  direction  of  tbe  axis  Si',  s«",  &c.,  will  be  sucb,  that  thi 
lelioD  will  lie  be/oio  p,  and    the  new  apbelioa   above  a. 
nts  would,  therefore,  be  removed  from  their  original  piacea, 
ion  contrary  to  the  motion  of  P.     The  inotioD  imparted  to 
Id  then  be  rt^reuine. 

tho  disturbed  body  moves  from  n  through  p  to  m,  the  ne» 
)f  tbe  axia  &i,  eil",  &c.,  must  be  such  that  the  new  peri- 
1  tie  above  p,  and  the  new  aphelion  hdow  a.     These  poinli 
^refore,  be  removed  from  their  ori^oal  places,  in  the  di- 
the  motion  of  P.     The  motion  imparted  to  them  wonM 
iroijrcssive. 

t  appears,  that,  with  a  positive  radial  component,  the  ani 
bit,  or  the  line  of  apsides,  has  a  progressive  motion  while 
ing  body  passes  over  the  arc  Jip  m,  and  a  regressive  moti(» 
asses  over  the  arc  man. 

Effect*  nf  a  negative  radial  componrnt  on  the  position  ->/ 
—if  the  radial  component  be  negative,  it  is  evident  that 
1  will  be  precisely  tbe  opposite  of  those  here  staled ;  that 
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tiifoogh  the  arc  np  m,  and  progressiye  while  it  moves  through  the 
are  ma  n. 

3148.  Diagram  indicating  these  effects, — In  Jig,  828  we  have 
indicated  hy'tbe  feathered  arrows  the  direction  of  p's  motion,  and 
by  the  arrows  with  a  cross  npon  their  shafts  the  direction  of  the 
motioin  of  the  apsides  when  tbe  radial  component  is  positive.  Its 
motion^  when  negative,  will  be  indicated  by  supposing  it  to  take 
place  in  directions  contrary  to  those  in  which  the  latter  arrows 
pmnt. 

3149.  This  motion  o/the  apsides  hears  a  very  minute  proportion 
ia  ^cU  of  the  disturbed  body. — It  must  not,  however,  be  supposed 
that  these  alternate  progressive  and  regressive  motions  of  the  apsides 
bear  any  oonsiderable  proportion  to  p's  motion ;  they  are,  on  the 
oontrary,  incomparably  smaller;  so  that,  although  while  P  moves 
from  q[  to  p,  pis  moving  in  the  same  direction,  it  is  moving  with 
flo  small  a  Telocity  that  P  arrives  at  p,  and  passes  it  almost  as  soon 
as  if  p  were  not  moving  at  all :  and  the  same  observation  will  apply 
to  the  regressive  motion. 

3150.  Diagram  iUtLstrating  the  motion  of  the  apsides.  —  The 
sacoeesive  positions  assumed  by  the  orbit  subject  to  the  disturb- 
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i'",  the  succcEsive  positions  of  the  point  of  npbelion.     If 
be   imagined    to   reyolve    in   tbo  other    directiou  froa 
to  p  B  ((,  the  motion  will  be  that  which  it  would  iceeiw 
disturbing  action  of  tbo  positive  radial  eomponeot  wbih 
trough  the  aro  Q  a  Q,  Jig.  829. 

Thi*  m/itioit  of  lAe  apride*  incrcatet  an  the  ecrenlricilj 
'nl  diminishei,,  olher   ihings  being  the  same.  —  It  ia  not 
0  perceive   that   this  efiect  of  tbe  radial  compoDenC  i> 
a  motion  of  revolution  progreaaive  or  regressive  to  tbi 
■sides  ia  greater,  ct/eris  paribus,  when  the  orbit  of  tht 
body  is  less  eceootrie. 

ill  be  evident  by  tbe  mere  inspection  of  figs.  830  anil 
fg.  830,  the   orbit    of  the   disturbed    body,  of  wbick 
port,  baa  but  small  eccentricity;  and  the  action  of  Um 
;  force  at  p  deflects  tbe   body  tcUi  the  arc  reprewDterf 
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bj  the  dotted  line.  To  find  the  new  position  of  perihelion,  it 
k  only  neeessarj  to  take  o  as  a  centre,  p  o  as  a  radius,  and  to 
describe  a  circle.  The  middle  point  //  of  the  dotted  arc  of  the 
new  orbit  included  within  this  circle,  will  be  the  position  of  the 
new  perihelion.  If  we  take  the  case  of  a  much  more  eccentric 
orbity  represented  in  fig.  831,  it  will  be  evident  that  the  arc 
of  the  orbit  incladed  within  the  circle  for  the  same  degree  of 
defleson,  will  be  less  than  in  fig,  830;  and  consequently  its 
middle  pointy  which  is  the  new  perihelion,  will  be  proportionally 
nearer  top. 

3152.  Effect  of  the  radial  component  on  (he  eccentrictfy.  — 
By  what  has  been  explained  (3145),  as  to  the  change  of  posi- 
tion of  the  empty  focus,  the  effect  of  the  radial  component  in 
all  oases  on  the  eccentricity  will  be  easily  understood.  The  mag- 
nitade  of  the  major  axis  not  being  affected,  the  variation  of  the 
eeoentridty  will  be  proportional  to  that  of  the  distance  of  the 
empty  focus  from  s.  But,  since  the  distances  of  p  from  the  two 
fed  are  not  affected  by  the  disturbing  force,  the  distance  between 
the  foci  will  be  increased  or  diminished,  according  as  the  angle 
8  p  b',  fig.  827,  is  increased  or  diminished  by  the  disturbing  force. 
But,  from  what  has  been  explained  it  is  clear  that,  while  P 
moves  from  perihelion  p  to  aphelion  a,  the  angle  s  p  s'  is  dimin- 
ished ;  and  while  it  moves  from  aphelion  a  to  perihelion  p,  that 
angle  is  increased  by  the  disturbing  force. 

It  follows,  therefore,  that  a  positive  radial  component  will  dimin- 
ish the  eccentricity  while  P  moves  from  perihelion  to  aphelion, 
and  will  increase  it  while  it  moves  from  aphelion  to  perihelion; 
and  it  is  evident  that  a  negative  radial  component  will  produce 
the  contrary  effect. 

The  effect  produced  on  the  eccentricity  may  also  be  under- 
stood by  the  following  considerations:  —  While  the  revolving  body 
Py  fig-  828,  passes  from  perihelion  to  aphelion,  its  distance  P  s 
from  the  central  body  s  continually  increases;  and  while  it  passes 
from  aphelion  to  perihelion,  on  the  other  hand,  its  distance  p's 
from  the  central  body  continually  diminishes.  Now,  it  is  evident 
that  the  more  eccentric  the  elliptic  orbit  is,  the  more  rapid  will 
be  the  increase  of  the  radius  vector  in  the  one  case,  and  its 
decrease  in  the  other.  Any  influence,  therefore,  which  will  have 
a  tendency  to  diminish  that  rate  of  increase  or  decrease  of  the 
radius  vector  will  have  the  effect  of  diminishing  the  eccentricity 
of  the  orbit;  and,  ou  the  other  hand,  any  influence  which  would 
have  the  contrary  effect  of  augmenting  this  rate  of  increase  or 
decrease,  would  have  the  effect  of  augmenting  the  eccentricity. 

Now,  it  is  evident  that  a  positive  radial  component,  havinL^ 
necessarily  the  effect  of  increasing  the  energy  of  l\ie  cexilT^\  ^\Xt^^ 
Haoj  will  necesBarilj  diminish  the  rate   at  whicVx  T?  4e^«iX^^  Itooi 
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Dg   from   perihelion   to  aphelion,  and  will  conseqnentlj, 
I  M   wbnt  lias   been  just   explained,    have   the  effect  of 
iog  the  ecccntrioily  of   the  orbit  j  bat  the   saino   positiTe 
iDiponenl,  continuing    to   act  while    P   passes  from  peri- 
D  aphelion,  will   augment  the   ral«  at  which    the  ndin 
tcreuses,  and  will  therefore  increase  the  eccentricity. 

DISTURBING    FORCE. 

It  accelerates  or  r'tards  the  orlital  motion.  —  In  orln» 
small  eoeenlriciCy,  suoli  as  alone  are  here  eoDEider«d,  ttn 
■ctor  iB  never  iuclioed  Xu  the  tangent  drawD  in  the  directim 
olion,  at  an  angle  much  lees  or  much  greater  lb«n  90". 
phelion  to  perihelion  tliis  angle  is  always  a  little  lea 
',  being  least  at  the  extremity  of  the  minor  axis;  kA 
rihclioo  to  aphelion  it  is  always  a  little  greater  thu 
ng  grenlest  at  the  eitretnily  of  the  minor  axis. 

the  transversal  eomponcnt  being  always  at  right  anglM 
ndina  vector,  it  follows  tbat,  when  it  is  positive,  it  furnii 
LCHtt'i   Biid  when    tiepitive    a  very  obtuse    angle  with  the 
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motion  of  p,  and  that  a  negative  transversal  component  will  in- 
erease  it, — an  effect  quite  the  opposite  of  what  might  he  at  first  view 
expected. 

3155.  It  produces  progremon  of  the  apsides  from  perihelion  to 
aphelion^  and  regression  from  aphelion  to  perihelion^  when  positive; 
and  the  contrary  when  negative. — The  principle  here  announced, 
which  is  of  considerable  importance,  may  be  demonstrated  and  illus- 
trated in  several  ways. 

1.  It  has  just  been  shown,  that  a  positive  transversal  component 
togments  the  orbital  velocity,  and  that  in  the  instantaneous  ellipse 
the  orbital  velocity  proper  to  each  point  continually  increases  from 
aphelion  to  perihelion,  and  continually  decreases  from  perihelion 
to  aphelion.  By  augmenting  the  velocity,  therefore,  the  positive 
tranarerBal  component  imparts  to  p  in  all  cases  a  velocity  proper  to 
a  point  nearer  to  perihelion,  and  therefore  in  effect  brings  perihelion 
nearer  to  p  than  it  would  have  been  if  the  disturbing  force  did  not 
act  It  follows,  therefore,  that  when  p  is  moving  from  aphelion  to 
perihelion,  the  point  of  perihelion,  being  made  to  approach  it,  will- 
have  a  motion  contrary  to  that  of  p,  and  therefore  regressive ;  and 
when  P  is  moving  from  perihelion  to  aphelion,  the  point  of  perihe- 
lion, still  approaching  P,  must  follow  it,  and  therefore  have  a  motion 
in  the  same  direction,  or  progressive. 

It  ia  evident  that  a  negative  transversal  component  must  produce 
the  contrary  effects,  and  would  therefore  impart  a  progressive  motion 
to  the  apsides  when  p  moves  from  aphelion  to  perihelion,  and  a  re- 
gressive motion  when  it  moves  from  perihelion  to  aphelion. 

It  will  be  apparent,  that  at  the  very  points  of  perihelion  and 
aphelion  where  the  effects  of  a  transversal  component  on  the  posi- 
tiOQ  of  the  axis,  whether  positive  or  negative,  change  from  progres- 
sion to  regression,  or  vice  versd^  the  actual  effect  upon  the  direction 
of  the  line  of  apsides  will  be  nothing. 

2.  The    same    principle    may  be    demonstrated  as  follows :  — 

By  what  has  been  already  shown 
(3154),  a  positive  transversal  com- 
ponent increases  the  major  axis 
of  the  instantaneous  ellipse.  Let 
p  p  a  p',  Jig.  832,  represent   that 

L  ellipse,  the  body  being  supposed  to 
move  in  the  direction  pv^  av. 

Let  8  be  the  central  body,  and 
s'  the  other  focus  of  the  ellipse. 
liy  the  properties  of  that  curve  we 
shall  have 


Fig.  832. 
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e  velocity  of  p  bo  augmented  l>y  the  effect  of  a  poaitiTe 
conipoQcnt,  the  maj-ur  ash  2  a,  and  consequently  S*  P, 

0  of  the  empty  fjcus  of  tlie  orbit  from  v,  must  aim  be     | 

The  disturbing  force  will  therefore  transfer  that  totm 
h  point  as  ^  DpoQ  the  continustioa  of  the  Viae  Psf,  and,    | 
,  the  new  direction  of  the  major  axis  will  be  /j's/  in- 

sa,  and  it  will  therefore  revolve  round  swith  a  regressive 

Bisturhed  body  be  nt  r',  moving  from  perihelion  to  aphelion, 
1  focus  will  in  like  manner  be  Iransferrcd  to  «",  and  th* 
of  the  axia  being  p"  st',  it  will  have  a  progrcsan 
|iDd  s. 

vident  that  a  negative  tranaversal  oonipoaeot  inni 
e  contrary  effects. 

071  thf  ecd^itricity,  —  It  is  easy  to  show  that  I    ' 

1  component  will  augment  the  ecccntricily  whrt 

the  distance  of  P  from  s  ij  less,  and 

will  diminish  it  when  greater,  tlun   < 

the  mean  distance,  and  that  a  negi- 

imponeut    will 
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Bed  by  a  positive  transversal  compoDent  between  the  mean 
and  perihelioDy  and  bj  a  negative  one  between  the  mean 
and  aphelion }  and  that  it  will  be  diminished  bj  a  positive 
al  component  between  mean  distance  and  aphelion^  and  by 
e  one  between  mean  distance  and  perihelion, 
it  appears  that  if  a  positive  transversal  component  of  the 
g  force  were  to  act  constantly  on  a  planet  during  the  entire 
n,  it  would  cause  the  eccentricity  of  the  instantaneous  ellipse 
ly  to  increase  from  perihelion  to  the  end  of  the  lesser  azis^ 
would  attain  its  major  limit.  From  that  point  it  would 
until  the  planet  arrives  at  aphelion,  where  it  would  attain 
limit  From  that  it  would  again  increase  until  the  planet 
me  to  the  other  extremity  of  the  minor  axis,  where  it  would 
tain  its  major  limit,  after  which  it  would  again  decrease 
t  planet  would  arrive  at  perihelion,  where  it  would  attain 
minor  limit. 

(  been  erroneously  stated,  in  some  astronomical  works,  that 
a  at  which  the  eccentricity  would  attain  its  major  limit  by 
e,  would  be  the  extremities  of  a  perpendicular  to  the  major 
ling  through  the  empty  focus  of  the  orbit.* 


Its  effects  <m  the  major  axis  at  the  apsides.  —  Let  p  P  Q, 
[,  be  the  undisturbed  orbit,  p  being  perihelion  and  Q 
.     Now,  if  we  suppose  the  revolving  body  at  perihelion  p 

S^^HencbeVa  Oatlinea  of  Astronomy,—  ed.  1^^,  p.^^Ai. 
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recoivQ  the  uctioD  of  the  pwicivc  tronsvci'sal  componi 

ion  increasing  ita  velocity  will  throw  it  into  an  are  »uc1 

ich  wonld  intluiie/iP  within  it,  aad  the  revolving  bwiy 

tquuntl y  mnvo  in  the  orbit  p  p'  q'   instead  of  the  orbil 

'biuh  it  would  have  revolved  had  it  buea  undisturbed.     1 

lercfore,  which  would  result  from  the  perturbing  aatit 

J  transversal   force  at  P,  would  be  one  in  which   tfc 

would  have  the  same  dirt'Ciion,  but  in  which  the 

D  q'  would  be  mure  remote  from  c  than  the  point  ol 

\  of  the  undisturbed  orbit.     The  effect  therefore  is,  thai 

inging  the  direction  of  the  line  of  apsides,   the  tmnsn 

dugiDonled  by  the  disturbing  force. 

Let  us  now  consider  the  efTect  of  a  positive  trensversal  « 

KtiDg  upon  the  revoiviog  body  at  aphelion.     Let  q,  fy 

le  aphelion,  and  p  the  perihelion,  of  the  undisturbed  9 

:volving  round  the  central  body  c.     A  positive  tmoara 

Rctiug  at  Q,  iccelcrating  the  T 

before,  will  cause  the  body  U 

aa  orbit  Qp'y  hnving  the  n 

c  for  iis  remote  focus,  and 
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m. — SFTSOTS  OF    THE    ORTHOOONAL  COlfPONENT  OF    THE 

DISTURBING  FOROS. 

8158.  It  changes  the  plane  of  the  orb%t—-plane  of  reference, — 
It  baa  beeQ  alrekdj  explained,  that  the  effect  of  this  component 
18  to  produce  a  change  in  the  position  of  the  plane  of  p's  orbit. 
In  Older,  therefore,  to  express  sncK  change  of  position,  it  is 
necesBaiy  that  some  fixed  plane  be  selected  with  relation  to  which 
Hbb  poaition  of  the  plane  of  p's  orbit  may  be  expressed.  Such 
«  plane  may  be  chosen  arbitrarily,  and  we  shall  denbminate  it 
generally  the  plane  of  reference. 

The  position  of  the  plane  of  p's  orbit  then  will  depend  on  its 
Ime  of  intersection,  and  its  inclination  to  the  plane  of  reference. 

8159.  Nodes  of  disturbed  orbit  on  plane  of  reference,  —  Let 
aba'  and  A c a',  fg,  836,  represent  respectively  the  plane  of  re- 
ftxenee  and  that  of  p's  orbit,  seen  in  the  same  manner  as  we 
are   accustomed  to  view  the  equator  and  ecliptic;  A  being  the 


MOendinff  node  corresponding  to  the  vernal  equinoctial  point, 
tad  a'  the  descending  node  corresponding  to  the  autumnal  equi- 
nootiai  point,  and  c  being  that  point  of  the  semicircle  which 
corresponds  to  the  solstitial  point,  and  which  is,  therefore,  the 
point  most  remote  from  the  plane  of  reference.  We  shall  call 
A  O  the  frst  quadrant,  counting  from  the  ascending  node ;  o  a' 
the  second  quadrant;  and  the  corresponding  quadrants  of  the 
.oCh^  half  of  the  orbit  the  third  nud  fourth  quadrants. 

8160.  Effect  of  orthogonal  component  varies  with  distance 
irom  node,  — Now  let  us  suppose  the  body  subject  to  pertur- 
Mtion  to  be  at  some  point  such  as  P  in  the  first  quadrant,  and 
to  receive  there  the  action  of  a  positive  orthogonal  component, 
the  direction  of  p's  motion  being  indicated  by  the  arrow.  Since 
this  positive  component  has  a  tendency  to  draw  P  towards  the 
plane  of  reference,  it  is  evident  that  the  motion  which  P  will 
receive,  by  its  action,  must  cause  it  to  proceed  in  a  direction 
between  PC  and  a  line  drawn  from  P  perpendicular  to  the  plane 
of  reference,  that  is,  in  such  a  direction  as  Pn  inclined  to  PC 
and  below  it. 

If  the  body  subject  to  perturbation  be  in  the  second  quadrant^ 
M  at  y^  it  wUl  far  a  Uke  reason,  after  tbe  Jiktat>>\Tx^  %j(:>^<^u^ 
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I  direction  p  q,  slightly  inclined  to  p"  a'  ind   below  it. 
thogonal   component   be  negative,    it  will   be   apparent 
the  body  would,  c'^er  the  action  of  the  disturbing  force, 
that    diroot    a    F  ii      ^li^btly  inclined    to  PC  and   sboTC 

'v  inclined  to  r'  a'  and  a  little  above  it. 
of  tlieso  disturbances  will  change  botb  the  nodes  and 

,   pmurr/s   or  rrffrean   aecoriing  at    the  componail 
.   or  positu'i:.  —  If  n  P  be  continued  backwards,   it  will 
ilic  piano  of  refurencB  at  a  point  r  beyond   ita  former 
It   is  evident,  tljerefore,  that  in  this  case  the  asceod- 
would  regresB  upon  the  plane  of  reference.     If  the  an 

point   q  will  be  in  like  manner  behind  a'.     Thus  tiie 
ion  of  ilie  descending  node  will   be   behind   its  fonner 
nd,  consequently,  in  tbia  case  alao  the  node  regresses. 
ars,  therefore,  that  wborever,  in  the  semi-circle  ACA',  ■ 
thogonal  component  mIp,  il«  effect  will  be  to  impart  to  the 

ne  rouBoning  will  equally  apply  to  the  cases  in  which  P  is 

TBBOBT  or  TAMABLl  OBBITB. 
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the  ob]i<|iut7  wfaan  the  dntarbed  boclj  is^  'he  fint 
aiHl  Unnl  qiudranU,  and  inoreMea  it  when  in  the  teeond  M^fourth  ; 
umI  that  a  n^ativa  orthogonal  oon^ivneDt  ia  ■tiande9V'''h  the 
oppoHle  eSectB. 

IT.  OUIXBAL  BUHHABT  OT  THX  XinCTB  OT  A  DJSTCBBSt 

8163.   Tabular  lyopiu  of  iKe  efecU  of  the  teveral 
the  dtttttrbing/oKe. — > 
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It  will  be  oonvenient,  then,  to  collect  and  amnge  in  jnxtap(v 
•Hkm,  for  the  pnrpoee  of  reference,  the  Tarions  effects  produced  hy 
A«  three  eonponenla  of  the  distDrbins  force,  as  explained  in  the 
pneading  pangiapha.  We  hare  aooordingl;  done  this  in  the  above 
tabniar  statement.  The  Mnge  in  wbioh  the  eymbola  +  and  —  are 
^pliad  to  eaoh  of  the  componeDU  haa  been  akeady  explained.  As 
applied  to  the  umi-axia  a,  tbo  eocentricitj  e,  and  the  iDciination  i, 
4-  is  naad  here  to  signifjr  increase,  and  —  diminatiini,  andQ  "^tt 

"'    >  is  whioh  ttij  MTo  not  a^at«d  bv  the  ^taAJmi  fwne. 
47* 


ASTRONOMY            .    . 

to  the  motions  of  the  perihelion  (»)  and  the  node  (»\  + 
irogressive   aod  —  regresaiva   motion.      The   gin  0  b 
re   there  is  DO  motian  imparted  to  these  points  bj  IIm 
force. 

CHAP.  XX. 

PKOBLEM    OF   THREE   BODIES. 

iflraclion  inJepeniient  of  tlie  man  of  the  aOradedhoij. 

in  clear  and  distinct  ideas  of  the  effects  of  the  disturbing 
iiasses  brought  into  prosimity  with  bodies  moving  in  oi- 
a  centra  of  altruetion,  it  is  most  necessary,  in  the  GM 
0  comprehend  clearly  itie  law  and  conditions  which  detet- 

attractions. 

raction  exerted  by  one  body  npon  another  depends  solelj 
naas  of  the  a/lruclmg  body,  and  its  distance  from  the  aU 
dy,  and  is  allo-jclher  mili-jienJent  of  the  mags  ■>/  the  latltt. 

ore  necessary  to  indicate  this,  inasmuch  as  students  sre   1 
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an  inch  in  one  seoond  of  time.  Now,  if  .the  mass  of  the  earth 
were  10  or  100  times  greater  or  less  than  it  is,  the  sun's  attraction 
exerted  at  the  same  distance  would  produce  precisely  the  same  effect 
upon  it 

3165.  Hence  the  denomination  ^^  accdercUing  force  " — This  spe- 
cies of  force,  the  effect  of  which  is  exclusivelj  a  certain  yelocitj 
imparted  to  the  hodj  affected,  is  distinguished  in  physics  from  that 
other  sort  of  force  which  varies  in  its  effects  with  the  mass  of  the 
hody  moved,  by  the  term  accelerating  force;  while  the  force  which 
varies  in  its  effect  with  the  mass  of  the  body  moved,  is  called  moving 
force,  or  momentum, 

3166.  Accelerating  force  of  gravitation. — ^The  accelerating  force 
of  gravitation  is  therefore  measured  by  and  proportional  to  the  space 
through  which  a  body  is  drawn  in  the  unit  of  time  by  the  attraction 
of  a  given  mass  at  a  given  distance. 

Let  the  unit  of  accelerating  force  be  the  space  through  which  a 
body  would  be  drawn  in  the  unit  of  time  by  the  unit  of  mass  placed 
at  the  unit  of  distance  from  it.  The  accelerating  force  exerted  at 
the  unit  of  distance  by  any  other  mass  M,  will  therefore  be  expressed 
by  the  number  of  units  in  m  ;  and  since  the  attraction  decreases  in 
the  same  proportion  as  the  square  of  the  distance  increases,  the  ao- 
oelerating  force  exerted  by  M  at  the  distance  D  being  expressed  by 
A,  we  shall  have 

M 


A  =  -^ 


D 


V 


— m  formula,  which,  properly  understood,  expresses  the  law  of 
gravitation  in  its  highest  generality. 

3167.  Problem  of  two  bodies,  —  When  a  lesser  body  P  revolves 
in  an  elliptic  orbit  round  a  greater  mass  s,  the  place  of  s  being  the 
foous  of  the  ellipse,  it  has  been  hitherto  assumed  that  s  is  fixed, 
and  not  at  all  affected  by  p's  attraction,  the  only  attraction  assumed 
hjpothetically  to  be  in  operation  being  that  of  s  upon  p.  Now  if 
D  be  the  distance  between  them,  and  a  the  space  through  which  p 
would  be  drawn  by  s  in  the  unit  of  time,  we  should  have,  according 
to  what  has  been  just  explained, 

s 

Bat,  by  the  universal  reciprocity  of  the  principle  of  gravitation,  p 
acta  upon  s  as  well  as  s  upon  P ;  and  if  the  accelerating  force  of  f 
on  s  be  expressed  by  a',  we  shall  have 

D* 

It  nauoim,  ibeiefore,  to  consider  in  what  mannet  ^S&  %fiL^\.^l  V 
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will  modiry  tbe  coQclusioiis  «t  which  we  have  Brrired 
opposition  that  the  attraction  alone  of  s  wa?  in  operation. 
lit  that  by  p's  attraction  a  ia  drana  towanls  P,  while  bj 
ion  P  ia  drawn  towards  B. 

me  were  supposed  to  act,  the  distance  D  would  in  the  trnit 
6  decreased,  supposing  the  bodies  free  to  more  towarda 
■,  by  the  space  A.     But  now  Uwt  the  action  of  P  ia  admit- 
:^Cancc  T>  between  P  and  s  will  be  diminished  by  the  son 
L'es  through  which  s  and  P  may  bo  rcBpeetively  moved  in 
if  time,  each  by  the  attraction  of  the  other ;  eo  that  we 
ve  tlie  actual  force  of  mutual  attraction  belveea  the  two 

US,  therefore,  thiit  the  mutual  attraction  of  llie  two  bodies 
than  when  s  alone  acted  in  the  proportion  of  a  to  s  -f  P; 
equeutly,  that  the  relative   motion  of  p  ronnd  8  will  be 
.be  fiamu  as  if  the  moss  of  ti  were  iucreascd  by  the  addi- 
of  the-  mass  of  P  and  p  were  deprived  of  it«  teciproc»l 

PROBLEM  OF  THBBE  BODIES.  Ml 

iiivestig&lion  of  the  effects  of  such  a  oombination  has  acquired  great 
celebrity  iq  the  history  of  science,  from  the  difficulties  -which  it 
presented,  and  the  importance  of  the  results  which  followed  its  solu- 
tion.     This  question  is  generally  denominated  the  problem  of 

THREE  bodies. 

The  three  bodies  involved  in  the  problem  are,  1st,  the  central 
body  8 ;  2ndly,  the  revolving  body  p,  which,  if  undisturbed,  would 
describe  an  elliptic  (Hrbit  round  s  as  a  focus ;  3rd]y^  the  disturbing 
body  M. 

3169.  Simplified  hy  the  comparative  feebleness  of  the  forces  exr 
erted  hy  the  third  body.  —  In  all  the  cases  presented  in  the  great 
phenomena  of  the  universe,  the  mass  of  s  is  incomparably  greater 
than  that  of  p,  and  the  attraction  exerted  by  M  is  incomparably 
more  feeble  than  the  central  attraction  of  s  on  p,  either  because 
of  the  comparative  smallness  of  m's  mass,  or  because  of  its 
great  distance  from  the  attracted  body^  or  from  both  these  causes 
combined. 

8170.  Attracting  force  of  third  body  not  vshoUy  disturbing,  — 
But  whatever  be  the  force  exerted  by  m,  it  is  most  necessary  to 
bear  in  mind  two  things  respecting  it :  Ist,  that  its  attraction  docs 
not  necessarily  produce  a  disturbing  action  at  all  upon  p's  orbit ; 
and  2ndly,  that  when  it  does,  the  disturbing  action  is  not  identical 
with  Bf^s  attrac^on  upon  P,  either  in  intensity  or  direction.  It  is 
never  equal  to  it  in  intensity,  and  very  rarely  identical  with  it  in 
direction,  often  having  a  direction  immediately  opposed  to  that  of 
m's  attraction. 

3171.  Attracting  force  which  would  produce  no  disturbing  effect, 
—  Such  a  force  most  be  one  which  would  cause  s  and  p  to  be  moved 
in  parallel  lines  in  the  same  direction  through  equal  spaces  in  the 
same  time.  It  is  quite  evident  that  such  a  force,  while  it  would 
transport  s  and  P  with  this  common  motion  in  a  common  direction, 
could  not  in  the  least  degree  derange  their  relative  position  or 
motion.  If  p,  previously  to  the  action  of  such  a  force,  revolved 
round  s,  for  example,  in  a  circle  with  a  uniform  velocity,  it  would 
continue  to  revolve  round  it  in  the  same  circle  with  the  same  velo- 
city when  subject  to  the  force  here  supposed ;  for  the  effect  would 
be  merely  that  the  two  bodies  with  their  circular  orbit  would  be 
transported  in  space  as  bodies  would  be  which  might  be  supposed  to 
have  any  motion  upon  the  deck  of  a  ship  in  fiill  sail. 

8172.  This  would  be  the  case  if  the  third  body  were  enormously 
distant  compared  with  the  second,  —  But  in  order  to  impart  such  a 
force  to  8  and  P,  the  body  M  must  be  at  such  a  distance  from  them 
that  the  distance  between  s  and  P  should  subtend  at  m  a  visual  angle 
80  nkudl  as  to  be  insensibte;  since  otherwise  the  lines  of  m's  at- 
traotiony  being  sensibly  con vergent,x  would  not  be  parallel.  IC  \k<^ 
diafaiTiwi^  hawey&r,  ofM  be  enormously  great  com^axedl  mti&L  ^^*^  ^i^&- 
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b«tveen  8  mi  v,  thcD  the  directina  o(  m'«  attnetui 

1  be  spnsibly  parallel;  ind  for  Lbc  Fame  reasOD,  tk 
e  iuteaaity  of  m's  attnictioQ  will  bo  likemse  inoc 
it  varies  ioverselj  na  tbo  square  of  tbe  dintnoee,  bD' 
apposition,  tbe  distance  of  p  from  s  ie  quite  i&signi 
with  the  diBlanoe  of  M  from  eilber  of  them. 
ja.   Example  of  a  force  tappoif.d  to  art  on  thr  kh 
lus,  if  we  euppose  that  the  Bolar  Eystem  ia  subject 
an  of  some  mass  or  collection  of  masses  among  the 
:islance  BO  prodigious  thai,  oompared  with  it,  the  wl 
of  the  Bjstem  would  Bhrink  into  a  point,  sueh  si 
1   have    the   character   here  described,  and  the  i 
a  would  be  moved  by  it  with  a  common  motion 
ion,  all  tbe  bodies  composing  it  descriiiirg  parallel 

>d  by  this  common  motion,  their  relative  positions. 
74.    Case  in  trhich  iht  distance  of  third  bodj/  u  net 
i/rfat.  —  Let  ub  now,  however,  suppose  that  the  ( 
pLiced  at  sueh  a  distance  from  r  and  8  th.it  it  acta  1 
Illy  in  different  directions,  but  with  forces  of  diffe 
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vkioh  now  acts  upon  p,  parallel  to  8  M,  and  oppoeite  to  p  m,  would 
impel  P  through  a  space  parallel  to  8  M  in  the  unit  of  time,  exactly 
equal  to  that  through  which  m'»  attraction  upon  s  impels  s.  These 
two  forces,  therefore,  would  carry  p  and  s  in  parallel  directions 
through  equal  spaces  in  the  unit  of  time,  and  would  therefore  pro- 
duce no  disturbing  effect  (3170).  All  the  disturbance,  therefore, 
which  can  be  produced  upon  P  by  the  forces  in  operation  must  arise 
from  the  combined  action  of  the  two  forces  actiug  upon  p :  1st  m's 
attraction  in  the  direction  pm;  and  2ndly,  a  force  equal  and  con- 
trary to  m's  attraction  on  s,  acting  in  the  direction  P  m  parallel  to 
MS.  If,  therefore,  we  take  the  line  pm  in  the  same  proportion  to 
p  M  as  the  attraction  of  M  upon  s  has  to  the  attraction  of  M  upon  p, 
and  complete  the  parallelogram  pmxM,  the  diagonal  Tx  will  ex- 
press, in  intensity  and  direction,  thcsresultant  of  the  forces  expressed 
by  the  sides  pm  and  pm;  in  other  words,  the  diagonal  vx  will 
express  in  quantity  and  direction  the  resultant  of  the  only  two  forces 
which  can  produce  a  disturbing  effect  upon  p.  Since  m's  attraction 
on  8,  represented  by  M  x,  is  to  m's  attraction  on  p,  represented  by 
M  P,  as  the  square  of  M  p  is  to  the  square  of  M  s,  it  follows  that 

8  M*  :  p  M* : :  p  M  :  M  X ; 

or^  if  we  use  the  symbols  already  indicated,  we  shall  haye 

and  consequently 

MX  =  ^, .(1.) 

We  shall  obtain  an  expression  for  s  x,  the  distance  of  the  point  x 
from  the  central  body  8,  by  subtracting  m  x  from  s  m  ;  consequently. 

But  since 

we  shall  have 

s^=(/_,)x(l  +  i,  +  ^,) (2.; 

By  either  of  these  formulsB  (1)  or  (2),  the  direction  of  the  dis- 
turbing force  can  alwajs  be  determined.  It  is  only  necessary  to 
take,  upon  the  line  joining  the  disturbing  and  central  bodies,  a 
space  MX  or  8a;,  determined  by  one  or  the  other  formulae  (1) 
or  (2). 

8175.  To  determine  the  ratio  of  the  disturbing  to  the  central 
yfcftit — For  this  purpose  let 
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A  =  m's  attraction  on  f. 
a'  =  m's  attraction  on  B. 
A"=s'HaUractionon  M. 
D  =  the  disturbing  force  px. 
F  =  ti'a  attraction  on  P. 
11  then,  according  to  what  haa  been   eiplained  aboTe, 

r.r                t"          a'       m          a"      t* 

-Si"'?"?'      I==T'     r-?= 

5-="  X  —  X  Tx (3.) 

J,     O               d^                                 \      V 

formula  the  ratio  of  the  diatiirhing  force  D  to  the  centr»l 
F  can  alwap  ho  calcnkted  when  the  masses  of  the  dis- 
id  central  bodies,  and  their  disUncea  from  each  other  and 
bed  bod;,  are  Vdowd  ;  for  in  such  cases  the  line  Pz  can 
ted  bj  the  comnioa  principles  of  Irigouometry ;  and  r»n- 

-,  or  the  ratio  of  the  disturhiiig  to  [he  central  attraction. 
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therefore  consider,  in  the  firat  iostance,  the  effects  only  of  th&t 
eomponent  of  tbe  disturbiog  force  wbiah  is  iu  the  plane  of  the  dis- 
tarbed  orbit,  and  sflerwsrds  tbat  of  (be  orthogoDsl  component. 

3177.  FlHBT  Cask.  The  component  of  the  disturbing  force 
i«  ihe  pfane  of  the  orbit  tchen  the  dittvrhing  body  it  ouUide  the 
orbit  of  the  ditturbtd  bodj/.  —  liet  s,  jig.  838,  be   the   central 


Fig.  838. 

and  H  the  disturbing  body;  and  let  p„  p„  p„  &c.  be  the  dis- 
torbed  bodj  in  a  succession  of  its  synodic  positions. 

It  ia  evident  from  the  formulie  (1)  and  (2),  that  as  p  moves 
from  o,  takioit  sucecusivelj'  (Ijc  synodic  poshioas  E„  r„  Ti,  %wi,, 

/".  J  a 
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erofiJTO  MT,  oouBtantlj  increases;  and  consequently  the 
>re  the  tlireclion   of  the  dislurbing  force    meets  the  iiiM 
aiillj'  approacbes  b.      The    angle  <s  P,  x„  obtuse  it  first, 
k^saDil    hsa    so  Rt  P,  and  P„   uotil   at  ft  certain    poiat 
■iiJuctd   to  30°.     There   the  direction  p,  jc,  of   the  dts- 
in-e   is  therefore    that  of   the  taogent    to  p'a  orbit;  aod 
im  being  nppuscd  to  p's  motion,  it  is  negative. 
DQ^tiiog  this  point  p„  the  uogle  formed   bj  the  disturh- 

with  ibe  direction  P  M  becomea  less  than  90°.     When 
■)ee    P  M    becomes  equal    to  s  m,  as    at  P„   the  directiiin 
turbing  foree,  according  to  what  hoa  been  showD  (_3176), 
ough  (-,  oud  accordingly  a:,  coincides  with  8. 
P    passes    this   position,  the    direction  of  the    disturbiog 
.1:3  above  B  fts  at  P,  jj,  the  angle  UPx  increasing.     At 

point  P,  Ibis  angle  again  becomes  00°;  and  the  direc- 
,  of  the  disturbing  force    being  at  right  angles  to   bp, 
tangential.      The   point  x  continues   to   recede  from  ■ 

F   pusses  from   c   to   o  through    ibo  other   half  of  ila 
■evolution,   the    direclion  of   the  disturbing  force    under- 
charigps,   but  in    a  contrary  order,   being    tangential   at 
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tnd  At  P41  ^oiwtitiites  the  whole  disturbiDg  force^  being  then 
directed  to  8. 

After  pesang  p^,  as  for  example  at  P5,  the  tangential  component 
changes  its  sign,  -and  becomes  positive,  so  that  both  components 
of  the  disturbing  force  are  positive,  the  radial  component  now  de- 
creasing. 

When  P  arrives  at  Pe,  the  radial  component  vanished,  the  whole 
distarbing  force  becoming  tangential. 

Alter  passing  Pe  the  radial  component  again  changes  its  sign,  and 
becomes  negative,  as  at  P7,  and  increases  continually  to  0,  the  posi- 
tive tangential  component  at  the  same  time  continually  decreasing, 
and  becoming  =  0  at  0.  At  this  point  c,  therefore,  the  disturbing 
Ibroe  is  wholly  radial,  and  is  negative,  being  therefore  in  antagonism 
not  only  with  the  central  attraction  of  s,  but  with  the  immediate 
attraction  of  M,  which  is  its  cause. 

It  may  be  naturally  asked,  how  it  can  happen  that  the  attracting 
force  of  M  produces  a  disturbing  force  in  immediate  opposition  to  its 
own  direction  ?     This,  however,  is  easily  explained,     m's  attraction 

on  S  being  -rsf  and  m's  attraction  «on  p  at  c  being  -j rg,  the  for- 

r  {t  -f"  fj 

mer  being  greater  than  the  latter,  we  shall  have  the  disturbing 
force 

M  M 

which  is  negative :  in  fact,  s  is  attracted  towards  M  with  a  greater 
accelerating  force  than  p,  and',  consequently,  s  and  p  are  caused  to 
separate  from  each  other  by  a  space  equal  to  the  difference  of  the 
two  attractions,  which  is  equivalent  to  a  repulsion  acting  from  s 
upon  P,  or,  what  is  the  same,  a  negative  disturbing  force. 

The  tangential  cQmponent  vanishing  at  c  changes  its  sign ;  the 
radial  component,  however,  continuing  negative.  From  c  to  p/,  for 
example  at  p/,  therefore,  both  components  are  negative,  and  the 
radial  component  gradually  diminishes  until  p  arrives  at  Pe',  when  it 
vanishes,  the  whole  disturbing  action  being  a  negative  tangential 
force. 

After  passing  p/,  as  for  example  at  Pg',  the  radial  component 
changing  its  sign  becomes  positive,  the  tangential  component  con- 
tinuing negative  and  decreasing  gradually  until  it  vanishes  when  p 
arrives  at  p/,  at  which  point  the  whole  disturbing  action  is  a  positive 
radial  force. 

After  passing  p/,  as  for  example  at  Pg',  the  tangential  component 
again  changes  its  sign  and  becomes  positive ;  both  components  are, 
therefore,  positive  to  P2',  where  the  radial  component  becomes  no- 
thing, and  the  whole  disturbing  action  consists  of  a  positive  tA.\i^'(v^ 
tud  fotCB* 
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8180.  Second  Case,  in  which  the  disturbing  body  is  within  the 
disturbed  orbit, — Let  us  now  suppose  that  M  is  within  p's  orhit,  as 
in  fig.  839,  and  that  its  distance  from  the  central  body  s  is  greater 
than  half  the  radius  of  p's  orbit  Taking,  as  before,  the  disturbed 
body  p  in  8  succession  oi  positions  P|,  Pa,  Ps,  P4,  &c.,  the  direction  of 
the  disturbing  forces  Pi  x,,  Pt  Xg,  P,  Xs,  &c.;  &c.,  is  found  in  the 
nme  manner  exactly  as  before. 

Now  it  will  be  easy  to  perceive,  by  following  the  lines  upon  the 
diagram,  how  the  direction  of  the  disturbing  force  varies  with  rela- 
tioii  to  M  and  8.  At  a  point  such  as  Pi  it  faDs  at  x,,  between  m  and 
8;  at  Pa,  where  M  P,  =  m  8,  it  is  directed  to  8,  as  has  been  already 
proved.  At  this  point,  therefore,  the  disturbing  force  is  wholly 
radial.  When  P  has  advanced  to  the  position  P4,  at  which  the  \ 
direction  of  the  disturbing  force  is  at  right  angles  to  the  radius  vector 
B  P4,  it  is  wholly  tangential,  the  radial  force  vanishing.  . 

At  c,  where  m's  attraction  is  at  right  angles  to  the  tangent,  the 
tangential  force  vanishing,  the  disturbing  force  is  wholly  radial. 
In  the  semicircle  described  by  P  in  passing  from  0  to  o,  there  are 
two  points,  p/  and  p,',  corresponding  to  the  points  P4  and  Pt,  at  the 
former  of  which  the  radial,  and  the  latter  the  tangential,  component 
vanishes. 

8181.  Changes  of  sign  of  the  components  in  this  case.  —  It  will 
DOW  be  easy  to  trace  the  successive  changes  of  direction  of  each  of 
the  components  of  the  disturbing  force  to  which  p  is  subject  in  the 
successive  positions  which  it  assumes  throughout  its  synodic  period. 

At  o,  m's  attraction  upon  p  is 7-=,  and  m's  attraction  on  s  is 

(r — ry 

■j^\  and  since  both  these  attractions  are  directed  towards  M,  the 

relative  effect  upon  p  and  s  will  be  their  sum ;  and  therefore  p  and 
8  will  be  attracted  (owards  each  other  by  a  disturbing  force,  the 
value  of  which  will  be, 

M  M  /      1  1 V 

In  this  case  it  is  obvious  that  the  disturbing  force  will  be  wholly 
radial  and  positive,  the  tangential  force  being  nothing,  inasmuch  as 
the  direction  of  the  disturbing  force  is  at  right  angles  to  the  tangent. 
When  the  body  leaving  o  moves  towards  Pj,  the  radial  force,  being 
still  positive,  gradually  decreases,  and  the  tangential  force  being 
inclined  below  the  radius,  will  act  against  p's  motion,  and  therefore 
be  negative.  As  p  moves  forward,  the  negative  tangential  force 
gradually  decreases ;  and  when  P  arrives  at  Pg,  where  its  distance 
from  M  is  equal  to  that  of  s  from  M^,  the  diatoibitk^  iotoft  \^\\i^ 
wiaUjr  ndial,  the  tangential  force  vaniBhes.     Af^Ai  mB&vti^  ^^(^ 

48* 
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.  for  example  nt  r„  the  tAn^Dtial  force,  ofannging  its  ugo, 
positive  M  well  as  the  nidi»l  force,  nad  botb  forces  continw 
)silive,  tbo  radial  force  gradually  decremiing  until  the  haij 
it  P„  where  ihe  radial  force  vanishes,  the  disturbing  fern 
je  direction  of  the  tangent,  and  being  stili  positive. 
passing   this   point,   the   radial    force,   changiRg   its   cigo, 
Dcgatire  as  at  1>„  the  tuDgcmial  force  still  being  positing 
luallj  decreasing.     Tbis  latter  vanishes  vrhcD  P  arrivos  at  o, 
be  whole  disturbing  force  is  radial   and   negative.      Aft« 
this  point,  the  negative  radial  force  gradually  diminiabei, 
langeotial  conipoaent,  changing  its  direction  as  &t  p/,  b». 

ig  force  being  tangential  and  negative. 

ig  this  point,  tiie  radial  tomponent  ehaoging  its  sign  be«on«w 

as  at  P,',  the  tangential  component  being  btill  negative.    On 

,  and   the  whole   disturiiing   force   is   radial    and    pfieilitt. 
ssicg  tbis  point,  as  for  e.>;nmplo  at  p',  the  tangential  toia- 
as  well  afl  the  radial   toniponent,  is  po.^itive;   aud,  in  fine, 
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coUeot  here,  Bnd  amnge  in  jnztapontion,  the  several  ohangea  of 
diieetion  which  the  eomponenta  of  the  distnrbiiig  force  in  the  phne 
of  the  disturbed  orbit  undergo  during  %  ejnodio  period  of  p.  This 
is  done  in  ^a  following  table,  the  ngns  retaining  the  Bignificationa 
alreadj  given  to  them : — 


~^^  ,l,~i^,~~...[. 

ll.<  0.M 

od     .^tbln 

1..0rB^lotU.    JU.rt»J                   1 

*"'"'^""**' 

"■'- 
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K  pWr  lb**  '' 

rlku)iT. 

''D<<Iir«l«U..Mr. 

n«.„. 

« 

T 

FU«-P. 

T 

' 

P,^.^,. 

a 

» 

iiO 

3 

(, 

«10 

-i 

(, 

AlO 

~ 

~ 

riDBOtoFl 

FnmOtoPi 

-+ 

FmmOtoP, 

+ 

+ 

ilP. 

-f- 

+ 

_  Ft™  P.  M  P. 

+ 

+ 

FnmPiUO 

TromP.toPi 

+ 

man  p.  Id  O 

+ 

Prom  C  top,' 

XI  n 

+ 

ftomPiloO 

ftBDl  C  to  PV 

FfomP^loO 

+ 

ACO 

AlP.- 

tromCtoP^ 

FromPi'loP^ 

+ 

AtlV 

Pnmi  IV 10  Pt' 

t 

+ 

+ 

rmmP^taO 

+ 

+ 

FmiPvloPr 

*tiv 

0 

+ 

TnuoPi'U.O 

- 

+ 

S183.  Vaiyivff  effects  of  (lie  orthogonal  component  during  a 
ifHodie  revolution.  —  If  a  triangle  be  imagined  to  bo  formed  by 
UneB  drawn  joining  the  places  of  the  central  body  s,  the  disturbed 
body  P,  and  tbe  disturbing  bodj  m,  tbo  plauc  of  this  triangle  will 
m  general  be  inclined  at  some  angle  to  tbe  plaue  of  p's  orbit.  Tbe' 
dircctioQ  of  the  disturbing  force,  according  to  what  has  been  shown, 
will  be  that  of  a  line  drawn  from  p  in  the  plane  of  this  triangle, 
meeting  the  line  H  e  either  between  h  and  s,  at  8,  or  beyond  s, 
aoeording  to  the  relative  magnitude  of  M  8  and  MP.  If  m p  be  lesa 
than  U  B,  then  the  direction  of  the  disturbing  force  will  meet  m  b 
between  h  and  s ;  if  m  p  =  m  e,  its  dirccUon  will  be  that  of  the  line 
Ps;  and,  in  fine,  if  MP  be  greater  than  M  e,  its  direction  will  meet 
the  prolon^tion  of  m  s  bejond  b. 

Chi  considering  thes^e  various  directions  of  the  disturbing  force,  it 
mil  be  evident  Uiat  when  m  p  is  less  than  m  s  its  direction  will  lie 
on  the  same  side  of  the  plane  of  p's  orbit  with  the  disturbing  body 
U,  and  tbe  orthogonal  component  being  therefore  directed  towards 
that  aide,  will  have  a  tendency  to  bring  the  plane  of  tbo  disturbed 
Oitat  nearer  to  m. 

When  M  F  is  greater  than  M  b,  on  the  cootruy,  the  direction  of 
tbe  distorbing  force  meeting  the  prolongation  of  the  line  u  6  bc^o^^ 
%  BBft  He  on  tbe  aide  of  t£e  plane  of  p'a  oihit,  diS«ieTiX  ^T^^^a  ^^i«.^ 
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Dt  Trliich  Mi!  ed ;  ftnd  the  ortfangonsl  componcot  being  in  Att 
caso  directed  l.  le  same  ^de,  vould  bare  a  teodeoc;  to  dcficct  tbi 
plane  of  p's  orbiiyVoni  M. 

In  the  former  case,  the  ortbogoDiil  component  trould  dteiBMt, 
and  in  tbe  latter  it  wduld  inerease  tlie  angle  at  wbicb  the  IlM 
M  s  is  tuclined  to  tbe  plnne  of  p'a  orbit. 

Whco  u  p  ;=  M  e,  tbe  disturbing  force,  being  directed  bca 
p  to  8,  would  at^t  in  the  plane  of  r'e  orbit,  and  would  cdon 
qaentlj  bare  do  effect  in  chandnfT  that  plnoe. 

If  M  be   situate   any  plane  of  p'b   ortut,  cliu 

will  be  the  CISC  nbcDdVm  it  i»mcgn  through  the  nodes  of  it 
own  and  p'b  orbit,  tbe  three  bodies  being  in  thn  same  plane,  &i 
ortboguiinl  component  of  tbe  disturbing  force  will  be  nothing. 

Thus  it  appears  that  the  orthogotml  compooeat  will  Taniib  il 
each  passage  of  M  through  p's  nod^;  and  alao  at  each  at  tbi 
points,  if  an;  such  there  be,  at  wbiuh  m  and  p  ore  eqoallf  dr- 
tant  from  s. 

3184.  PerioiUc  and  tFcvIar  perttirlatumt. — From  what  hi 
been  explained  in  the  present  and  tbe  preceding  chapter,  it 
appears  that  the  several  »)nipouents  of  the  diaturbjng  force  fnv 
ducii  contrarj'  elfects  on  the  elements  of  the  disturbed  orbit  akca 
they  have  contrary  signs,  and  that  the;  arc  eeverally  snbjeel  B 
a  tniccessioQ  of  changes  of  sign  during  the  E^oodio  revolutioo  d 
the  disturbed  and  the  disturbing  bodies.  The  several  eietocM 
of  tbe  disturbed  orbit  will  therefore  bo  in  a  continuit  slat«  d 
oscillation,  from  these  alteroBt«  acdons  of  the  components  of  lb 
disturbing  force  in  one  direction  sod  the  other. 

If,  iu  all  cases,  the  sum  of  the  effects  produced  by  ihe  i 
of  each  component  while  positive  were  eijusl  to  tbe  sum  of  i* 
effects  while  negatiye,  the  elements  would  oscillate  reaod  t 
fixed  and  invariablo  stale.  They  would  pass  tfarougb  all  t^ 
Tariationg  when  tbe  disturbed  aud  disturbing  bodies  would  brt 
assumed  all  their  possible  varieties  of  positioo  wiih  reUiim  l> 
the  central  body,  and  tbcy  would  then  recommence  tbe  same 
cession  of  chauges. 

The  mean  values  of  all  the  elements  of  the  disturbed  <rU 
would  in  this  cose  be  coo-staQt.  Thus  the  major  axis  w^ 
alternately  incroasa  and  decrease  between  fixed  limiti,  bol  a 
mean  value  would  be  always  the  same.  In  like  manaer,  * 
eccentricity  and  inclination  would  alternately  in'^rease  and  deeria)^ 
having  a  constant  mean  value ;  and  the  like  would  be  trac  ' 
the  other  elements. 

JSut  if,  on   the  contrary,  it  were  fiood,   on   comparins  the  1 
of  the  positive  wiih  the  sum  of  the  negative  effects  of  i 
the  oompoaeate,  iWt.  v\^«  wxin,  <^  «ll  tba    effects  while  i 
en  not  exnol\j  «(\>u\.  to  ^«  wliu  ^  '^«  «I&«eii^  wfS^v 
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ini  tbat  a  certain  minute  difference  or  residual  phenomenon 
ilwajs  remains  unefiaccd,  it  is  evident  that  this  residuum,  how- 
irer  small  it  may  he,  must  accumulate  until  at  length  it  will 
ttain  a  magnitude  which  will  tell  in  a  very  sensible  manner, 
od,  if  a  still  longer  series  of  periods  be  waited  for^  would  totally 
lumge  the  elements  of  the  disturbed  orbit. 

Il  most  be  obseryed  that  the  interval  which  leaves  this  resi- 
oum  uncompensated;  is  one  during  which  the  disturbed  and 
istnrbing  bodies  pass  through  all  possible  varieties  of  configu- 
itioiiy  taking  into  the  account  not  merely  their  directions  with 
slmtion  to  the  central  body,  but  their  positions  with  relation  to 
lie  apeddes  of  their  respective  orbits.-  It  is  only  after  assuming 
11  the  varieties  of  relative  position  and  distance,  arising  as  well 
rom  the  relative  changes  of  direction  of  M  and  p  as  viewed 
rom  8,  as  from  their  changes  of  position  in  their  respective 
irbits  with  relation  to  their  points  of  perihelion  and  aphelion, 
hat  the  components  of  the  disturbing  force  complete  their  round 
if  effects,  and  recommence  another  series  of  actions.  It  is  the 
esidual  phenomena  which  remain  uneffaccd  after  this  interval, 
rbich,  accumulating  for  a  long  succession  of  ages,  produce  the 
iltimate  changes  of  the  elements  now  referred  to. 

It  appears,  therefore,  that  there  are  two  extremely  different 
Classes  of  inequalities  as  they  are  called,  which  arise  from 
;he  operation  of  the  disturbing  force. 

>  Igt  Those  which  vary  with  and  depend  on  the  configuration 
if  the  disturbed  and  disturbing  bodies  with  relation  to  the  cen- 
tral body,  taking  into  the  account  not  only  their  relative  direc- 
ioDS  83  seen  from  the  central  body,  and  their  varying  distance 
from  each  other,  but  also  their  varying  distances  from  the  cen- 
tnl  body,  owing  to  the  elliptic  form  of  their  orbits. 

These  inequalities  necessarily  pass  through  all  their  phases, 
complete  their  periods,  and  recommence  the  same  succession  of 
shangesf  when  the  disturbed  and  disturbing  bodies  have  passed 
through  all  their  possible  varieties  of  configuration;  and,  conse- 
joenUy,  their  several  periods  must  be  less  than  the  interval 
frith  in  which  this  succession  of  configurations  is  completed. 

These  are  denominated  periodic  inequalities. 

2nd.  Those  which  arise  from  the  accumulation  of  the  residual 
phenomena  already  mentioned,  as  being  in  some  cases  unextin- 
guished by  the  opposite  effects  of  the  positive  and  negative  com  po- 
ints of  the  disturbing  force,  acting  during  that  interval  of  time 
irithin  which  the  bodies  assume  all  their  possible  varieties  of  con- 
Sgoration.  It  will  appear  hereafter  that  these  residual  phenomena 
ire  ffeoerally  of  very  small  value, — so  small  as  to  be  rarely  sensible 
to  observation  until  they  have  been  allowed  to  accumulate  foi  flk  lQ\i^ 
neoosffiaa  of  perioda. 
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It  ta,  therefbre,  evident  that  tliese  latter  ineqnatidn  are  inrnnfi- 
Tably  bIowpt  in  their  progroMivo  development  than  the  fanner,  uid 
ODDseqiiencly  the  ioterviUs  of  lime  within  whii:li  they  cJimpleu  tbrii 
changes  are  proppr  lion  ally  moro  protracted.  These  have,  locorf- 
inely,  beeti  denooiiuateJ  seculak  inequalities. 

11  must  not,  honever,  be  imagiocd  that  theM  are  less  mlly  p(i- 
odic  than  the  former.  The  only  differeoce  ia  that  respect  betacn 
the  tvo  classes  of  phcuomena  is  in  the  l^ogth  of  their  petioAt 
Where  those  of  the  former  maj  U=  ^.pressed  by  years,  those  of  iW 
kltcr  will  be  expressed  by  ccDtories. 
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3185.  Lunar  iheiirj/  an  important  ratf  of  the  proUfta  of 
hodia.  — The  most  remarkable  example,  and  in  raaoy  mpcds  tta 
tnoat  iatereatjng,  of  the  application  of  the  principles  eiplaioed  ii 
the  last  chapter  for  the  solution  of  the  problem  of  three  bodH  '* 
Mnquestionably  that  which  is  presentiKi  hy  the  Itinir  theory,  in  wbii 
the  central  body  B  is  the  eurtb,  the  disturbed  body  f  the  moon,  txA 
the  disturbing  body  M  the  sun. 

This  application  of  the  theory  of  pcrlurbation  is  intenating,  vk 

•BO  lunch   because  of  the  physical  importance   of  the   mouD,  u  ^ 

canse,   by   the    proniniity   of    that   body,    perturbatioDs    prnilonfi 

upon  it  become  conspicuously  observable,  which  jn  any  other  W5 

of  the  solar  system  would  be  inapprecJnblo  by  reason  of  itd  nmoM- 

The  lunar  perlurbations,  moreover,  present  another  featHn  rf 
iolcreat,  as  compared  with  thoee  of  the  planets,  by  res.soa  vt  * 
comparative  shortness  of  their  cycles, — phenomena,  which,  in  it* 
case  of  the  planets,  require  a  succession  of  ages  to  enmplele  "'"^ 
■  periods,  passing,  in  the  case  of  the  moon,  thrnngb  all  their  pi 
and  returning  upon  themselves,  in  the  course  of  a  few  rr&n. 

SI86.  It  fiipplict  tirikiag  proof  of  the  truth  of  l/u  tk/nrjlf 
gra  uitnlioa.  —  Hut  transcenduntly  the  most  interesting  and  in — ' 
ant  oircumiitanco  attending  the  lunar  theory  is,  the  remarkaUi 
dence  it  bus  afTordcd  in  support  of  the  theory  of  gravitation.  V* 
perturbaiions  of  the  lunar  motions  being,  for  the  most  pari,  of  ^ 
■idenible  magnitude,  and  recurring  after  shwt  iotemlt,  ' 
observed,  and  the  laws  of  many  of  them 
epoch  in  the  progress  of  astronomic*' 
duoovery  of  ;;ntv\Ulio&  Viad  d\«ilQaw 
)f  these  phenomena  ven  ^s-^Wym^ 
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some  perfecUy,  oibera  imperfectly ;  and  those  wbiob  remained 
ained  or  imperfectly  explained  by  him  have  since  been  fally 
tisfactorily  accounted  for,  upon  the  principles  which  form  the 
tion  of  his  physical  theory. 

7.  The  tun  ahme  sensibhf  disturbs  the  moon. — The  only  body 
system,  which  produces  a  sensible  disturbing  effect  upon  the 
is  the  sun ;  for  although  several  of  the  planets  when  in  oppo- 
or  inferior  conjunction,  come  within  less  distances  of  the 
their  masses  aare  too  inconsiderable  to  produce  any  sensible 
nng  efiect  upon  the  moon's  motion.  The  mass  of  the  sun, 
\  contrary,  is  comparatively  so  prodigious  that,  although  the 
of  the  moon's  orbit  bears  so  small  a  ratio  to  the  sun's  dis- 
and  although  lines  drawn  from  the  sun  to  any  part  of  that 
may  be  re^rded  as  sensibly  parallel,  the  difference  between 
roes  exerted  by  the  sun  upon  the  moon  and  earth,  so  far  from 
insensible^  produces  on  the  contrary  those  perturbations  which 

it  is  our  purpose  in  the  present 
chapter  to  explain. 

3188.  Lines  of  tyzygy  and 
quadrature,  —  Ijct  8,  Jig.  840,  re- 
present the  place  of  the  earth ; 
Pi,  P],  P3,  &c.,  representing  succes- 
sive positions  of  the  moon  in  its 
orbit,  which,  for  the  present,  we 
shall  consider  to  be  circular.  Let 
G  o  be  thaU  diameter  of  the  lunar  - 
orbit  which  is  directed  to  the  sun^ 
0  being  the  point  of  conjunction, 
and  o  the  point  of  opposition.  Let 
P4  8  p'4  be  drawn  through  s  at 
Y^  right  angles  to  00;  the  points  P4 
p^4  will  then  be  the  points  of  quad- 
rature. 

The  line  o  0  is  called  the  ltne 
OP  BYZYGIE8 ;  and  the  line  P4  p'4 

the  LINE  OF  QUADRATURES. 

We  shall,  for  the  present,  con- 
sider only  that  component  of  the 
sun's  disturbing  force  which  is  in 
the  plane  of  the  moon's  orbit ;  and 
shall,  therefore,  speak  of  the  sun  as 
if  it  were  placed  in  the  prolongatio.. 
of  the  line  so. 

The  moon  being  supposed  to 
move  synodioally  in  the  directioTi. 
Vig.  840.  C  Pi  Pi,  &c.,  we  sVia\!l  d\&\i\i\gac^ 
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teket  snooeBdrely  the  positioDs  p^,,  P^t,  P^i,  &c.,  the  distorbiDg  foroe 
takes -snooessively  tbe  directioiM  p',  x',,  p'g  a/,,  p^,  x'„  &c. 

Wit)ioat  panaiDg  these  considerations  further,  it  will  be  evident 
tiwty  in  moving  through  the  first  quadrant^  the  direction  of  the  dis- 
torbiog  loFoe  intersects  the  line  of  sjsjgies  below  s ;  and  in  moving 
Ibroof^  the  seeond  quadrant,  interaccts  it  above  s ;  and  the  same 
TCMOoing  will  show  that,  in  movinff  through  the  fourth  quadrant, 
the  disturbing  foroe  intersect^  the  line  of  sjzjgies  below  s  in  the 
nme  manner  as  in  the  first  quadrant;  and  in  moving  through  tbe 
Unrd  quadrant,  it  intersects  it  above  8  in  the  same  manner  as  in 
Ike  second  quadrant ;  and  it  is  further  evident,  that  at  corresponding 
points  in  the  third  and  fourth  quadrants  the  direction  of  the  dis- 
turbing foroe  intersects  the  line  of  sjzygies  at  the  same  points  as  in 
the  second  and  first  quadrants. 

3190.  Paints  where  the  disturbing  force  is'whoUy  radial  and 
wkolfy  tangential.  —  From  what  has  be^n  explained  it  appeara, 
that  the  disturbing  force  at  quadratures  being  directed  to  the 
M^rth,  is  wholly  radial  and  positive. 

It  is  easy  to  show  that  at  syzygies  it  is  also  wholly  radial, 
but  negative ;  for  at  this  place  the  sun's  attraction  is  obviously 
at  right  angles  to  the  tangents  of  the  moon's  orbit  at  o  and  o, 
and  as  the  whole  attraction  is  thus  perpendicular  to  the  tangent, 
and  the  disturbing  force  is  equal  to  the  difference  of  the  attract- 
ing force  exerted  by  the  sun  upon  the  moon  and  upon  the  earth, 
il  is  clear  that  disturbing  force  is  also  perpendicular  to  the  tan- 
gsnty  and  therefore  radial,  since  the  moon's  orbit  is  here  assumed 
to  be  sensibly  circular. 

To  determine  the  points  at  which  tbe  disturbing  force  of  the 
son  assumes  the  direction  of  a  tangent  to  the  moon's  orbit,  let 
^  be  that  point  in  the  first  quadrant  We  shall  then  have  the 
n^  8  Pf  or,  =  90^,  and  consequently 

and  consequently. 


=  tan.  PgS 


Jbid  it  appean  by  the  trigonometrical  tables  that  the    angle 


wbo8e  tangent  is  4/  2  is  64<>  44'  7". 


Thus  it  follows  that  the  synodic  position  of  the  moon  \\i  ^^ 
qwAaat  Mi  which  the  disturbing  force  ia  ii\io\lj  tasnigi^ii^aX 
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:>  direction  p,  x-i  ag^iost  tbe  moon's  motion,  is  at  the 
f  uA"  44'  7"  from  coDJUDCtion." 

V  in  tbe  eaniD    muDDer,  ihat  the  disturbing    fom 

ftoud  quadrant  will   be  wholly  tangCDtml   tit  a    poinl  ^, 

anee  from    opposition   o  ia   54°  44'  7" ;    and  in   liks 

will    be   tnDgential    at    points    in    the    third    and   first 

which   are  at  like  distances  from    opposition  and  con- 

uppearB  that  in  the  sifDodic  orbit  of  the  moon  t^era 
liiits,  viz.,  opposition,  conjunction,  and  qnadratnrcB.  it 
sun's  disturbing  force  b  nboU;  radial,  being  directed 
I  eurtb,  aod  therefore  negative  at  opposition  and  eon- 
md  directed  towards  it,  and  therefore  positive  at  qmd- 
ud  four  olber  points  at  distances  of  54°  44'  7"  on 
;  of  opposition  aod  conjunctioD,  at  which  it  is  whollj 
L  being  ia  tbe  direction  of  the  moon's  motion  and  tber«- 
'i\  the  second  und  fourth  quadrants,  sod  contraij 
uioliou    and   therefore    negative   in    the   first   ud 


of   iht    lUslnrhing   forces   at    syzyffiel   and 


LuiTAx  isao&T. 


=  8X3  =  8X3 


D  =  0-0000000156  X  B. 
It  miptan  trava  these  Tallies  or  i/,  d",  «id  D,  that  the  tbree  ntdial 
Aatninng  foroes  exerted  by  the  Mm  npoa  the  moon  tt  eonjoclioD, 
fl^ondoD,  and  quadntore,  m  in  the  folloviDg  jvoportim, 
d':d":d::68;62:8I-2. 
Tbim  it  ippoan  thit  the  dislnrbinK  force  at  ooDJunetioD  is  greater 
ttaDitopposituiiiiolheprDpoTtionof  68  to62,  and  thattbene^tiTe 
ffirinrlnDg  ibree  at  ajijgies  is  aboat  dooble  the  jnehife  diatarbing 
fbn»  at  qnadnttnree. 
In  other  vdrdi,  it  appeaig  that  the  diaturbiag  fares  of  the  snn  acta 
Jdoo&'b  attaetJon  n^  the  earth  at  emgnsctioD  more 
_  J  than  at  t^pontion,  u  tbe  proportion  rf  68  to  62  ;  and 

tbU^ur  both  eaiei,  iti  Botkm  in  dimmiebiog  the  earth'a  attraction 
on.  the  moon  ii  twiee  aa  ptai  n  iti  ac- 
tion in  IncrepuDg  the  e^tb'a  attraction 
npon  it  in  (iDadratnres. 

8192.  37u  mu'i  diUMiiitg  Jane  at 
efKoI  amgla  wiiA  tpgfa  •oriei  Af  the 
dirtel  rath  0/  tjle  nooM^  ^Mlaneefiom 
the  tarth.  —  It  is  easy  to  show  that  if 
tho  moon's  diatanoe  from  the  earth  be 
I  anpposed  to  vary,  while  the  san'a  dis- 
I  tanco  reuuins  the  same,  and  still  bears 
a  high  ratio  to  the  moon'a  distance,  the 
Hn's  disturtiing  furoe  will  nry  In  the 
direct  ratin  of  the  mooii'a  distaoee  at 
eqnvl  angular  distanOBe  from  lycygy. 

Let  t  and  l^,^-  641,  rspreseot  the 
moon  at  two  di%reat  distaoeea,  sp,  and 
Bp*,  (ram  tbe  eartb.  To  find  tbe  lines 
representing  the  distDTbiag  force  at  p 
Mid  P*  draw  vj/  and  p'y  at  right  angles 
to  the  line  dmwn  from  a  to  the  sud,  and 
letBx;=88j^,  and  S3'  =  SBy,  and 
draw  the  linen  p  x  and  f*  3/.  These  two 
lines  will  then  represent  in  quantity 
and  direction  the  disturbing  forces  of  tbe 
m  npoa  the  moon  at  r  and  v*. 

But  it  ia  endent,  since  bx  is  three  times  By,  and  Ksf  ia  three 
kam  »y,  that  the  lines  p  x  and  r'  x'  are  panM,  an^  w«  &»«&<«« 
— *— /  to  « p  Mod  B  p*;  that  ia,  the  dislwUnf^  Eoimk  ai  t  »^ 


Vi(.841. 
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From  wbst  baa  been  kirendj  expkincd  it  appears  that,  the  dla- 
tnrbiDg  force  at  c  being  at  rigbt  nnglcB  to  tbc  langent,  the  tan- 
gcDtial  componeDt  is  DOtbingi  and  since,  through  the  Erst  quadrant 
c  Ft,  the  direction  of  the  disturbing  force  fornia  an  obtuse  angie  with 
the  direction  of  the  moon'a  motion,  its  tangential  component  will  bo 
in  %  direction  oontrtry  to  the  moon's  motion,  and  it  will  thcrefora 
be  negative.  Thia  component  vaniahea  at  7],  where  the  whole  dis- 
tarbing  foroe  becomes  radial,  and  therefore  at  right  angles  to  the 
tangent,  and  after  passing  P„  the  direction  of  the  disturtiing  force 
forming  an  aeate  angle  with  the  direction  of  the  moon'a  motion,  the 
tangential  component  is  in  the  direction  of  the  moon'a  motion,  and 
therefore  poaitive;  and  continues  to  be  positive  thnmghout  the 
■eeond  qoMrant  until  the  moon  arrives  at  opposition  o,  where  the 
diatarbing  foroe  again  becomes  radial,  and  being  at  right  angles  to 
the  tkngent,  the  tangential  component  vanishes.  After  passing  o, 
the  diatarbing  force  forma  an  obtuse  angle  with  the  direction  of  tbe 
mnoa'i  motion,  and  it*  tangential  eomponent  is  therefore  contrary 

''      notion  of  the  moon,  and  oonseqnently  negative. 

i&n  throngh  the  third  quadnnt  until,  the  moon 

Creation  of  the  diatarbing  force  beoomes  ridiiii. 

^.jt  to  tbe  tangent,  and  the  tangential  component 

After  passing  this  point  tbe  disturbing  foroe  forms 

e  angle  with  tba  directum  of  the  moon's  motion,  and  its  tan- 

gentjftl  oompaneot  therefore  being  in  tbe  direction  of  sneh  motion  ia 
positive,  and  oontinnes  postive  thronghont  the  fourth  quadrant  antil 
it  vanishes  at  conjunction. 

Tbns  it  appears,  tbat  the  tangential  component  ia  negative  in  the 
first  and  third  qnadraota,  throughont  which  it  baa  therefore  a  tvn- 
deney  to  retard  the  moon's  motion;  and  that  it  ia  positive  in  the 
second  and  foarth  quubants,  throughout  which  therefore  it  baa  a 
tendency  to  accelerate  the  moon'a  motion. 

Let  ua  now  tmce  the  changea  of  direction  and  ugn,  which  affect 
the  ntdial  component  of  the  disturbing  force. 

It  baa  been  elreadj  shown  that  at  conjunction  the  radial  compo- 
nent is  negative,  and  therefore  directed  from  the  earth.  This  cir- 
cnmatanoc  arises  from  the  ftct  tbat  the  aan'a  attraction  on  the  moon 
at  c,  ia  ereatcr  thsn  ita  attraction  upon  the  earth  at  8,  and  the  dis- 
turbing fbrae  being  tbe  excess  of  the  attraction  towards  the  sun  at 
0,  above  the  altraotibn  towarda  the  aun  at  b,  ia  directed  from  e.  Aa 
the  moon  movea  from  o  to  P]  the  direction  of  the  disturbing  force 
lies  outside  tbe  tangent,  and  consequently  its  radial  component  is 
directed  from  B  and  is  therefore  negative.  It  gradually  decreasea 
from  o  to  Pi,  because  the  angle  under  tbe  disturbing  force  and  the 
tangent  gradually  decreaaes.  This  angle  vanisbea  at  p„  where  (be 
disturbing  force  coincides  with  the  tangent,  and  where  therefore  ita 
radial  component  vanishes.  Thus  it  appears  that  the  radial  com-  - 
49* 
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iub  is  Degative  at  o,  coatinu&lly  decreaaea  from  0  tt  ?, 

=0. 

■Bsiog  F|,  the  directian  of  the  disturbing  force  Mbt 

1  tangent,  iU  radial  component  ia  dir«ct«d  tomrds  B,  aM 

'e  positive;   and  the  angle  which  the  direction  of  i\fi 

lial  component  continaally  increases  ootil  at  p,  lb«  di- 
tho  dislurbing  force  being  at  right  angtes  to  the  tangnt, 
distarbiog  force  bcconacs  radial.     After  pasmng  P»tte 
er  the  direction  of  the  disturbing  force  and  the  tangifirt 

<f  the  disturbing  force  and  the  tangent  vaniahea,  and  tbcn 
y  the  rudiul  component  aUo  vaniabes,  the  whole  distnrlHiig 
;  tangential, 
assing  p„  the  direction  of  the  diatnrbing  force  filing  out- 

1  is  therefore  negative;  and  the  angle  under  the  diaturbing 

o,  where  it  becomes  a  right  angle,  and  the  whole  dis- 
rce  becoming  radial,  is  directed  from  8,  and  is  therefore 
After  passing  opposition,  the  angle  under  the  disturbing 
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whole  attraetioD,  it  must  iDcrease  and  decrease  with  such  attraction. 
Now,  siooe  the  sun's  distance  from  the  earth  niries,  heing  least 
whan  the  earth  is  in  perihelion,  and  greatest  when  it  is  in  aphelion, 
and  rinee  the  sun's  attraction  on  the  earth  increases  in  the  same 
pfoportkm  as  the  square  of  the  earth's  distance  from  it  decreases,  it 
fDllowa,  that  the  sun's  attraction  on  the  earth  and  moon,  and  tbere- 
ftre  iti  disturbing  force,  is  greatest  when  the  earth  is  in  perihelion, 
mod  least  when  it  is  in  aphelion,  and  that  it  continually  decreases 
while  the  earth  passes  from  aphelion  to  perihelion. 

Now,  since,  from  what  has  been  just  explained,  the  mean  appa- 
lena  motion  of  the  moon  is  diminished  by  every  increase  of  the 
iDii'a  distarbing  force,  it  will  follow  that  this  mean  apparent  motion 
will  be  least  when  the  earth  is  in  perihelion,  and  greatest  when  it 
m  m  aphelion ;  and  that  it  will  gradually  increase  while  the  earth 
b  {NHsiDg  from  perihelion  to  aphelion,  and  gradually  decrease  while 
the  earth  is  pa^ng  from  aphelion  to  perihelion. 

V  we  suppose  an  imaginary  moon  to  revolye  round  the  earth 
■ufbrmly  in  the  same  time  as  the  real  moon  does  variably,  the 
apparent  motion  of  this  imaginary  moon  would  be  the  mean  appa- 
reat  notion  of  the  moon,  and  its  place  would  be  the  mean  place  of 
the  noon. 

The  diflerence  between  the  places  of  this  imaginary  moon  and 
the  true  moon,  produced  by  the  inequality  of  the  moon's  mean 
which  has  been  just  explained,  is  called  the  annual  equa* 
hecause  this  difference  must  continually  increase  for  one  half 
r,  and  diminish  for  another  half  year,  according  as  the  true 
Mtioii  exceeds  or  falls  short  of  the  mean  motion. 

This  inequality  or  variation  of  the  moon's  mean  apparent  motion  was 
fiaeovered  by  observation  at  a  very  early  period  in  the  progress  of 
ailiniiomiLiil  science,  and  long  before  its  physical  cauise  was  disclosed 
kj  the  discovery  of  gra vital  ion.  Its  discovery  by  observation  was 
m  to  Tycho  Bnb^,  about  the  year  1590.  The  greatest  value  of 
fti»  annual  equation,  or,  what  is  the  same,  the  greatest  difference 
hetween  the  mean  and  true  places  i>f  the  moon,  so  far  as  they  are 
aftcted-hy  this  cause,  is  about  10'. 

8195.  Acceleration  of  the  moon's  mean  motion,  —  It  might 
ytrj  naturally  be  expected  that  a  mean  between  the  greatest 
abd  least  values  of  the  moon's  mean  motion,  as  above  explained, 
voold  be  equal  to  the  moon's  mean  motion  when  the  earth  is 
«t  its  mean  distance  from  the  sun.  Thus,  if  m'  express  the 
sooo's  mean  apparent  motion  when  the  earth  is  in  aphelion, 
and  m"  its  mean  apparent  motion  when  in  perihelion,  and  M  be 
the  mean  between  these,  we  shall  have 

Now^  if  m  express  the  mean  motion  of  the  moon,  vu\>^«^\>    V^ 
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e  radial  cDtnponeiits  Ha  not  ainoQiit  to  more  than  (m&hilf 
,bo  negaiivc  radial  camponenta  of  the  dtstQrbiog  toci 
Icntire  synodic  period. 

idea  this  excesa  of  mleauCj  of  the  negative  otsc  the 
[liul  compooeDtd,  it  is  to  be  coo^dercd  that  wbil«  ih* 
idial  compoDcnta  are  in  operation  through  four  tra  «f 
"  of  tbc  Bynodia  rcvolatioo,  tbe  positive  radial  conpo- 
ID  opcraiioQ  only  through  tbe  foar  arcs  0fln)pl«iDent»7 
—  tliut   is,  through   four  area  whose  mognilade  is  3&° 

effect,  therefore,  of  the  radial  componento,  duriiif  m 

ic  period,  must  be  to  diminish  the  earth's  central  stttio- 

[ic  moon  — Ji'^l,  because  the  inlcDEitj  of  the  negttin 

Lponcnta  is  greater  than  that  of  tbe  positive  in  the  pnv 

I  nearly  2  lo  1  ;    and,  secomtli/,  because  the   lotnl   leogtli 

L?,  through  which  the  former  act,  U  greater  than  thai  of 

trough  which  tbe  latter  act,  in  tbe  proportion  of  54  to 

Tbe  total  effect,  therefore,  of  the  radial  oomponentaf 

Ibiog  force  is  to  diminish  the  earth's  attraction  upon  ibe 

llnir   it   appears,  from    the   general   principles   of   oenlnl 

Lh  have  been  so  fully  explained  in  former  chapters  of  bii 

liat  the  angular  motion  of  a  body,  revolving  at  a  pvet 

lund  a  centre  of  attraction,  will  be  more  or  less  npid 

0  tbe  greater  or  less  intensity  of  that  attraction.     What- 

leforc,  diminishes  the  central  attraction  of  the  esrlh  upon 

t  produce  a  corresponding  dimiautioa  of  the  rate  of 

I  round  the  earth.      Since,  therefore,  the 
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idle  attraetioD,  it  mast  iDcrease  and  decrease  with  such  attraction. 
iWf  since  the  sun's  distance  from  the  earth  niries,  being  least 
mn  the  earth  is  in  perihelion^  and  greatest  when  it  is  in  aphelion, 

I  rince  the  son's  attraction  on  the  earth  increases  in  the  same 
»poi1km  as  the  square  of  the  earth's  distance  from  it  decreases,  it 
loiwa,  that  the  sun's  attraction  on  the  earth  and  moon,  and  there- 
e  iti  disturbing  fDice,  is  greatest  when  the  earth  is  in  perihelion, 
i  least  when  it  is  in  aphelion,  and  that  it  conUnuallj  decreases 
lile  the  earth  passes  from  aphelion  to  perihelion. 

NaW|  since,  from  what  has  been  just  explained,  the  mean  appa- 
ll motion  of  the  moon  b  diminished  by  every  increase  of  the 
n'a  disturbing  force,  it  will  follow  that  this  mean  apparent  .motion 

II  be  least  when  the  earth  is  in  perihelion,  and  greatest  when  it 
ia  aphelion ;  and  that  it  will  gradually  increase  while  the  earth 
passing  from  perihelion  to  aphelion,  and  gradually  decrease  while 
e  earth  is  pa^ng  from  aphelion  to  perihelion. 

If  we  suppose  an  imaginary  moon  to  revolye  round  the  earth 
lilbrmly  in  the  same  time  as  the  real  moon  does  variably,  the 
»parent  motion  of  this  imaginary  moon  would  be  the  mean  appa- 
Dt  motion  of  the  moon,  and  its  place  would  be  the  mean  place  of 
e  noon. 

The  difference  between  the  places  of  this  imaginary  moon  and 
e  true  moon,  produced  by  the  inequality  of  the  moon's  mean 
otioo  which  has  been  just  explained,  is  called  the  annual  eaiia* 
m,  because  this  difference  must  continually  increase  for  one  half 
sur,  and  diminish  for  another  half  year,  according  as  the  true 
otion  exceeds  or  falls  short  of  the  mean  motion. 
This  inequality  or  variation  of  the  moon's  mean  apparent  motion  was 
acovercd  by  observation  at  a  very  early  period  in  the  progress  of 
troDomical  science,  and  long  before  its  physical  cause  was  disclosed 
r  the  discovery  of  gravitation.  Its  discovery  by  observation  was 
le  to  Tycho  Brab^,  about  the  year  1 590.  The  greatest  value  of 
is  annual  equation,  or,  what  is  the  same,  the  greatest  difference 
itween  the  mean  and  true  places  s>f  the  moon,  so  far  as  they  are 
Eected4>y  this  cause,  is  about  10'. 

8195.  Acceleration  of  the  moon*$  mean  motion. — It  might 
(IT  naturally  be  expected  that  a  mean  between  the  greatest 
td  least  values  of  the  moon's  mean  motion,  as  above  explained, 
raid  be  equal  to  the  moon's  mean  motion  when  the  earth  is 
its  mean  distance  from  the  sun.  Thus,  if  m'  express  the 
oon's  mean  apparent  motion  when  the  earth  is  in  aphelion, 
id  m'^  its  mean  apparent  motion  when  in  perihelion,  and  M  be 
e  mean  between  these,  we  shall  have 

Now)  if  m  express  the  mean  motion  of  ihe  mooii)  vu\)i\M\  ^A 
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angular  motion  round  tbe  earth,  U  gn&leat  at  sjEjgies,  uid  le»l  it 
qnkdntarcs. 

But  if  ire  tike  ioto  account,  also,  ibc  effect  of  tbe  lADgcDtULl  torn- 
poncDt,  this  variatioD  of  the  appnrent  mutioD  will  be  !itili  greater. 
This  componeDt,  aceordiog  to  what  has  been  shown,  contiDMllj 
■ee«Ientes  the  moon's  matiou  in  approaching  the  s^-tyffe*,  and  m«- 
liuually  retards  it  in  spproacbing  tbe  quadtatureK,  so  that,  M  tu 
•a  depends  on  it,  tbe  moon's  velocity  will  be  greatest  it  ijijgisi, 
wad  lenat  at  quadratures. 

Thus  the  two  uioiponents  of  the  sun's  distnrbjng  f<ac«  M» 
bine  to  render  the  moon's  apparent  tuoiion  greatest  at  an- 
junction  and  opposition,  and  least  at  quadratures. 

This  ineqUBlity  of  the  moon's  apparent  notion,  wbi^  ptMM 
through  all  its  phases  in  the  Kjnodic  period,  is  called  the  cuna- 
HcHi,  and  iros  discovered  about  tbe  game  time  with  tbe  aaDDal 
equation  bj  Tjcho  Br<ib£. 

If  we  suppose  an  imaginary  moon  to  perfcirm  the  apoJie 
period  with  a  uniform  angular  motiun,  while  tbe  motion  of  tbf 
(rue  moan  is  subject  to  this  alternate  acoelerAtion  and  retiidi- 
tion  at  ajKj'gieB  and  quadratures,  the  dLitanc«  between  tbe  t«4 
moons  will  be  the  variation,  and  its  greatest  amount  will  be 
about  82'. 

3198.  Parollactic  inrqviiUly, — In  this  eiplanalioo,  howerw, 
we  have  aagunied  that  tbe  disturbing  forces  arc  equal  at  eoft- 
junction  and  opposition.  Now,  it  has  been  already  shown  thu, 
at  these  points,  thej  are  slightly  unequal — tbe  disturbing  fort* 
at  conjunction  exceeding  that  at  oppusitiou,  in  the  proportiN 
of  about  63  to  62.  It  follows,  therefore,  that  tbe  effect  of  tk« 
diKturbiDg  forces  nill  not  be  exactly  equal  at  the  two  sytygie*; 
and  a  small  inequality  is  thus,  as  it  were,  superposed  upoo  tW 
'  Tariatinn,  or,  so  to  epeak,  a  variatiQii  of  Oie  variation  is  po- 
duoed,  which  is  called  ihe  parollaelic  inegualili/. 

8199.  Iiieipiolitia  depending  on  the  ellijitie  Jbrm  of  tU 
lunar  orfiil,  —  la  tbe  preceding  paragraphs  we  ba*e  ooittid 
tbe  consideration  of  the  elliptic  character  of  tho  moon's  or^ 
We  shall  now  explain  those  inequalities  which  depend  on  ito 
varying  length  of  the  moon's  radius  vector. 

3'.J0U.  Equution  of  the  cenrce.  — Tbe  first  inequality  of  lli» 
HafS   which    we    shall    notice    is   one    which     appertaiaa    to  lU 

Eroblcm  of  two  bodies,  rather  than  that  of  three  bodies,  and  wbict 
as  beon  already  noticed  in  relation  to  elliptic  luotioa  in  genenL 
The  equuble  description  of  areas  by  tbe  mooa  in  its  ellipw 
orbit,  euuses  lis  angular  motion  at  perihelion  to  be  greater  li* 
at  other  points;  and,  aa  it  moves  Irora  periheliou,  tbjs  aagok 
motion  gradually  diminishes,  and  continues  to  dliuiniah,  aaul  i> 
:    arrirea  at  aphelion,  M^isra  \\.  \a  Wat-    From    apbelioo  In  f^ 
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niniBhes  the  oentnl  attraction  or  increases  the  velocity,  most 
iminish  the  carvature  of  the  path  of  the  body,  aod  vice  versd. 
fow  it  has  been  shown  that,  throughout  two  arcs  of  the  lunar 
rbit  extending  to  54^  44'  7"  at  each  side  of  the  line  of  syzj- 
;ie8,  the  radial  component  of  the  disturbing  force  is  negative, 
ad  therefore  diminishes  the  central  attraction,  and  consequently 
Ito  diminishes  the  curvature.  But  it  has  also  been  shown  that 
he  tangential  component  is  positive  while  the  moon  approaches 
he  syzygies,  and  negative  after  it  passes  them.  The  motion 
»f  the  moon  is  therefore  accelerated  by  this  component  until  it 
inrves  at  sjsygies,  and  retarded  after  it  passes  these  points. 
rhe  Telocity  of  the  moon,  therefore,  being  most  augmented  at 
tyiTgiefl  by  the  tangential  component,  the  curvature  of  its  path 
B  there  diminished. 

It  appears,  therefore,  that  throughout  the  arcs  extending 
^o  ^f  7'/  QQ  either  side  of  the  syzygies,  both  components  of 
he  sun's  disturbing  force  have  a  tendency  to  dimiuish  the  curva- 
oie  of  the  moon's  path. 

On  the  other  hand,  throughout  the  arcs  which  extend  35^  15'  bB" 
o  each  side  of  the  quadratures,  the  radial  force,  being  positive, 
ngments  the  central  attraction  of  the  earth,  and  therefore  in- 
reases  the  curvature  of  the  orbit;  and  at  the  same  time  the 
tngential  component  of  the  disturbing  force,  being  negative  as 
be  moon  approaches  the  quadratures,  diminishes  the  velocity, 
nd  consequently  increases  the  curvature  of  the  moon's  path. 

For  these  reasons,  the  curvature  of  the  moon's  orbit  is  greatest 
A  the  quadratures  and  least  at  the  syzygies,  which  is  equivalent  to 
tating  that  the  lunar  orbit  has  an  oval  form  arising  from  these 
auses,  the  longer  axis  of  the  oval  being  in  the  direction  of  the  qun- 
Iratures,  and  the  lesser  axis  in  the  direction  of  syzygies. 

8197.  Moon's  variation,  —  If  the  radial  component  be  alone  con- 
idered,  it  is  easy  to  see  that  the  moon,  moving  in  such  an  orbit, 
ronld  have  a  varying  angular  motion,  which  would  be  greatest  at 
ysygi^  where  the  moon  is  nearest  the  earth,  and  least  at  quadra- 
ares  where  it  is  most  distant  from  the  earth.  This  will  follow 
nmediately  from  the  principle  of  the  equable  description  of  areas, 
rhich  is  never  affected  by  a  radial  disturbing  fore,  since  that  prin- 
iple  rests  on  no  other  condition  than  that  the  revolving  body  be 
fected  only  by  a  force  directed  to  a  fixed  centre.  It  is  clear,«from 
rhat  lias  been  proved  in  (2614),  that  the  angular  velocity,  varying 
iTeiaely  as  the  square  of  the  moon's  distance  from  the  earth,  will, 
B  such  an  oval  orbit  as  has  just  been  described,  be  greatest  where 
he  distance  is  least,  —  that  is,  at  syzygies;  and  least  where  the 
distance  is  greatest,  —  that  is,  at  quadratures.  So  far,  therefore,  as 
elates  to  the  radial  component  of  the  disturbing  force,  the  moon's 
pparent  mofioa,  as  seen  from  the  earth,  w1dl\c\x  i&)  Vcl  WX.^  \V^ 
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otion  round  the  earth,  is  greatest  &t  eyxygiee,  and 

cc  tnke  into  account,  also,  the  effect  of  the  Ungenfi 
is  variation  nf  the  appareot  motion  will   be  etill  j 
)onent,  according   to   what   has   been   shown,  cool 

the  mooo'a  motion  in  approaching  the  Hyc}-gie«,  k 
■lards  it  in  apprdaching  ihe  qundraturen,  so  that 
s  on  il,  the  moon's  velocity  will  be  greatest  ataj 
at  quadratures. 

lie  tiro  cumponenls  of  the  sun's  dislurbing  fan 
-cnder    ihc    moon's    apparent   motion    greatest  i 
,nd  opposition,  and  least  at  quadratures, 
equality  of  the  mooti'B    apparent    motion,  wfaiofc 
ill  its  phases  in  the  fjnodic  period,  is  called  tb« 

was  discovered  about    the    same    Urae  with    (hs 
ly  Tycho  Brahi. 

suppose   an    imaginary   moon   Co    perform    th« 
th  a   uniform   angular    moli»n,   vhile  the  motiw 
■1   ia  subject  to  this   alternate    acoeleralion    and  1 
fiygies  and    quudralures,  the    distance  between  1 
ill    be    the    viriatMit,  and    its    greatest   aiuouut 
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helioiiy  on  the  eontrarj,  ihe  angular  motion  gradoallj  ancT continually 
increaaes.  If  we  suppose  an  imaginary  moon  to  move  from  peri^ 
helion  through  aphelion  hack  to  perihelion,  with  a  uniform  angular 
Telocity,  the  motion  of  this  moon  would  be  the  mean  motion  of  the 
mooOy  ha  place  the  mean  place,  and  its  anomaly,  or  its  distance 
from  perihelion,  the  mean  anomaly ;  and  the  distance  between  this 
imaginary  moon  and  the  true  moon  is  called  the  equa^on  of  the 
cemtre. 

Starting  from  perihelion,  the  motion  of  the  true  moon  being 
greater  than  that  of  the  imaginary  moon,  the  true  moon  is  in  ad- 
Taoee  of  the  imaginary  moon,  and  It  continues  to  gain  upon  the 
imaginary  moon  to  a  certain  point,  after  which  the  mean  moon 
beginay  in  its  turn,  to  gain  upon  the  true  moun,  and  overtakes  it  at 
aphelion ;  the  distance  between  the  two  moons,  mean  and  true,  at 
any  point,  is  the  equation  of  the  centre.  From  aphelion  to  perihe- 
lioin,  on  the  contrary,  the  mean  moon  precedes  the  true  moon,  and 
the  diatanoe  between  them  increases  to  a  certain  point,  after  which 
the  mean  moon  be^ns  to  overtake  the  true  moon^  and  does  over- 
take it  on  returning  to  perihelion. 

The  equation  of  the  centre  is,  therefore,  positive  from  perihelion 
to  aphelion,  and  negative  from  aphelion  to  perihelion. 

8201.  Method  of  investigotinj  the  varicUions  of  the  elliptic 
eUmenU  of  the  lunar  orbit  —  Aft<^r  what  has  been  explained  in  ihe 
present  and  preceding  chapters,  there  will  be  no  difficulty  in  tracing 
the  effecte  produced  by  the  sun's  disturbing  force  upon  the  magni- 
tude, form,  and  position  of  the  moon's  elliptic  orbit.  The  effects 
produced  in  general  upon  any  elliptic  orbit  whatever,  by  positive 
and  negative,  radial  and  tangential  disturbing  forces  (317  et  srq.), 
and  the  successive  changes  of  direction  and  intensity  of  the  radial 
and  tangential  components  of  the  sun's  disturbing  force  acting  on 
the  moon,  as  explained  above,  being  fully  comprehended,  it  b  only 
necessary  to  apply  the  general  principles  to  the  particular  case  of 
the  moon  in  order  to  explain  all  the  phenomena.  For  this  purpose 
it  will  be  necessary  to  consider  successively  the  cases  in  which  the 
moon's  perigee  assumes  every  variety  of  position  with  relation  to 
the  line  of  syzygies,  and  in  each  position  to  investigate  the  effects 
produced  upon  the  elements  of  the  instantaneous  ellipse  in  the 
different  positions  which  the  moon  assumes  during  an  entire  revolu- 
tion in  its  orbit 

8202.  Moon's  mean  distance  not  sultject  to  sectdar  variation,  — 
It  may  bo  stated,  generally,  that  the  effects  of  the  disturbing  force 
of  the  sun  upon  the  moon's  mean  distance  or  major  axis  of  its  orbit 
neutralise  each  other;  the  increase  which  it  pvpduces  on  that  ele- 
ment in  some  synodic  positions  being  exactly  compensated  by  the 
decreaae  it  produces  in  others. 

In  tiie  first  phico,  it  must  he  observed  that  since  tVie  eeo^XiVtvsvVj 
jjj.  50 
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of  tbe  lanar  orUt  a  rery  Bmill,  tlia  isdial  oomponent  pradocM  bo 
effect  on  tbe  moon's  orbital  nlodtj,  and,  therefore,  wme  npoB  (ki 
mainiitDde  of  its  major  ixia. 

Tbe  tangential  component  braiw  nagadre  is  the  fint  and  Aad| 
and  poKtiTO  in  tbe  secood  and  fourth,  qondnnta,  iHmirflflt  Ibt 
axiam  tbe  former  and  increaiei  it  in  the  lailer.  II  itOBbtAata 
that,  on  the  whole,  the  jncreaM  ia  eqoal  to  dM  illliumi,  it  nB  ^ 
low  that  the  magnitude  of  the  mean  f 


the 


intensity  of  the  disturbing  fnree 
tances  from  the  upaidca,  it  follow! 
of  iLo  meaa  dialuw^  ^tq&mcc^  Xfj  \\\<^  ^axv^TAuLl 


suSers  no  ultimate  cbii| 
For  this  purpose  it  will 
necessary  to  examise  t 
effects  in  different  poriiim 
of  tha  lunar  orbit  relitinif 
to  the  pj'sj-gies  aud  qw^ 
raturea. 

If  tli^  line  of  ap^idnbt 
Bjzygics,  as  reprcwowi 
in  /£,.  843,  when  p«ij« 
is  in  conjoDciioo,  lad  >■ 
Jiij.  844  wbeu  Bp<^^  iii» 
conjunction,  the  elliptic  t'^ 
bit  will  be  divided  sj^nrnflii'  , 
cally  by  the  four  snM* 
quadraiils;  and,  MDit  tk 
same  at  equal  aoguiirii* 
lut  in  each  case  the  dimioaiiki 


LDZTAB  THSOKT.  691 

first  niid  ihinl  c|ua(]rnat  is  equal  to  the  incrcaao  produced  in  the 
Bcond  and  fourth  qimdroDts. 

If  the  np^idta  be  in  quadrature,  as  represented  id  Jitj.  845,  the 
mme  will  obvioasly  be  true. 

In  thcH  esBos,  therefore,  the  mmjm  axis  of  the  orbit  suffers  no 
ultimate  change  from  the  action  of  ^e  distarbing  force. 

Bat  if,  aa  in_/^.  846,  the  line  of  apsides  p  a  he  inclined  at  an 
oUiqae  angle  to  the  line  of  syiygieB  o  O,  the  elliptic  orbit  will  not 
he  eym metrically  divided  bj 
the  four  synodic  quadrants 
0  P„  P,  o,  o  n't,  and  p',  c,  and 
in  that  case  the  decrease  and 
increase  of  the  axis  prodaccd 
in  ^10  alternate  qoadraotfi  will 
no  longer  be  equal,  and  acom- 
nlete  conpengution  will  not,  aa 
before,  be  effected  in  a  single 
e^ncdio  revolution.  But  If 
the  orbit  be  taken  in  two  posi- 
tions in  which  the  line  of 
apsides  II  a  and  p' a' is  equally 
inclined  on  different  sides  of 
the  line  of  syxygies,  the  effect 
of  the  disturbing  force  on  the 
mean  distance  in  a  complete 
Fig.  84S.  synodic  revolution  in  one  poai- 

tion  will  be  compensated  by 
Iha  equal  and  contrary  effect  produced  in  the  other  position.  This 
will  be  apparent  by  considering  that  the  intensities  of  the  disturbing 
force  at  equal  iuclinatinna  to  the  line  of  syxjgics  are  proportional 
to  the  moon's  difitance  from  the  eartb.  It  follows  from  this  that 
the  effects  of  the  disturbing  force  in  the  quadrants  cp  P,  and  Cj/  p'^ 
■ad  in  the  quadrants  p,  a  p*,  and  P,  a'  P*,  are  equal,  and  in  the  same 
manner  tbat  the  effects  are  equal  in  the  other  corresponding  quad- 
isnts.  It  will,  therefore,  be  apparent  tbat,  taking  the  orbit  in  the 
two  poeitions,  the  iucrcaee  and  decrease  which  the  major  axis  suffera 
in  two  complete  synodic  periods  are  equal,  and  tbnt,  tfaercfore,  the 
major  axis  suffers  no  ultimate  change  of  maguitude. 

But  since,  in  the  revolution  of  the  earth  and  moon  round  the 
■an,  the  tine  of  apsides  takes  successively  every  inclination  to  the 
line  of  Rjzygies,  it  will  necessarily  assuuic,  at  regular  intervals, 
the  equal  inclinations  at  which  the  effects  of  the  disturbing  force 
apon  the  axis  of  the  orbit  are  mutually  compensatory,  and  it  fol- 
lows, therefore,  that  no  ultimate  decrease  of  magnitude  of  tho  axis 
takes  place. 

'  (  tbere/im,  to  investigate  the  effects  ot  &q  d^^nxtiviii^ 
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0  sun  on  ibe  other  elemenis  of  tlie  lonw  orbit;  A«k 
ireclion  of  tlie  apsides,  or,  what  is  the  Mine,  oo  tluln^ 
ribelioD  and  the  ecceutricity, 

e  effects  will  varj  according  to  the  varying  positioB  o( 
f  apsides,  with  relatioD   to  tte  line  of  syijgius,  we  sbU 
ecesnively  ihe  variation  of  each  of  the  elementa  during  ■ 
volution  of  the  moon,  when  the  apsides  are  in  ejijgits, 
urea,  and  hetwcen  lh«se  points. 

First  Case. 

WHEN  PERiaEE   18   IN   CONJUNCTION. 

MohM  of  Ihe  opndei^.  —Ui  the  lines  P,  p',  and  P,'  P.bs 

king  angles  of  S-l"  44'  7"  with  the  line  of  Pvsjgies  co, 
Ll'I   us   consider,  Grat,    the   eSect   of   thg   ndial,  and, 
\u:  cff.'et  of  the  tangential  eomponent. 
The  radial   component,  being  negative  while  the  moon 
ough   liie  area   l',  c  r„  and   P,  n  v*,  (31P3),  a  regrcsaive 

1  he  imparted  to  the  apsidea  iu  the  Ibrnjer  and  a  pnigna- 
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progressive  motion  considerably  exceeds  the  regressive;  and,  there- 
fore, on  the  whole,  the  apsides  are  moved  forward. 

Sei-oncU^,  The  tangential  component  being  negative  from  c  to  p, 
and  from  o  to  P^2,  and  positive  from  p^  to  o  and  from  o  to  "S^^  it 
imparts  a  regressive  motion  to  the  apsides  from  p',  to  P|,  from  Pg  to 
P,,  and  from  P^,  to  P^c,  and  a  progressive  motion  from  p,  to  P^s>  from 
I^,  to  p'„  and  from  p,  to  p,,  (3193). 

It  may  be  shown,  as  in  the  former  case,  that  the  progressive  mo- 
tion in  a  complete  synodic  revolution  exceeds  the  regressive  motion, 
and,  therefore,  that  on  the  whole  the  tangential  component  imparts 
a  progressive  motion  to  the  apsides. 

It  follows,  therefore,  that  when  perigee  is  in  conjunction,  the 
disturbing  force  of  the  sun,  acting  during  a  complete  synodic  revo- 
lution of  the  moon,  causes  the  line  of  apsides  to  move  forward  in 
the  direction  of  the  sun's  motion,  so  that,  at  the  end  of  a  synodic 
revolatioD,  the  longitude  of  perigee  will  bo  greater  than  it  was  at 
its  commencement,  —  the  longitude  of  that  point,  however,  having, 
dorine  saoh  revolution,  alternately  increased  and  decreased. 

3204.  Effects  on  the  eccentricity, — To  ascertain  the  variation  of 
the  eccentricity  of  the  lunar  orbit,  produced  by  the  sun's  disturbing 
jfbroe  in  the  same  position  of  the  apsides,  we  shall,  as  before,  consider 
first,  the  effect  of  the  radial,  and,  secondly,  that  of  the  tangential 
component. 

Firgt.  The  radial  component  being  negative  from  p',  to  Pi  and 
from  P,  to  p',,  and  positive  from  p,  to  P3  and  from  p'j  to  p',,  it  fol- 
lows, that  it  will  cause  the  eccentricity  to  increase  from  0  to  p,  and 
from  Pj  to  o,  and  to  decrease  from  p,  to  P,,  while,  in  the  other  half 
of  the  synodic  revolution,  it  will  cause  it  to  decrease  from  o  to  p',, 
and  from  p,  to  c,  and  to  increase  from  P^a  to  p^i,  (3193).  Now  it  is 
evident  that  the  effects  of  the  disturbing  force  through  the  arcs 
C  P„  Pi  Ps,  and  P3  o,  are  respectively  equal  to  its  effects  through  the 
arcs  c  P^i,  p'l  P^s,  and  p',  o,  and,  therefore,  that  the  increments 
and  decrements  which  the  eccentricity  receives  during  a  complete 
synodic  revolution  are  equal,  and  that  so  far  as  depends  on  the 
radial  component  of  the  disturbing  force,  it  suffers  no  ultimate 
variation. 

Secondfy.  Since  the  tangential  component  is  negative  in  the  first 
and  third,  and  positive  in  the  second  and  fourth  quadrants,  it  will 
follow,  from  what  has  been  proved  (3156),  that  this  component  will 
cause  the  eccentricity  to  decrease  throughout  the  first  and  second, 
and  to  increase  throughout  the  third  and  fourth  quadrants. 

But  it  will  be  evident,  from  the  same  reasoning  as  has  been  used 
in  the  former  case,  that  the  intensity  of  the  disturbing  force  in  the 
first  and  second  quadrants,  being  respectively  equal  to  its  intensity 
io  the  fourth  and  third,  the  decrease  of  the  eccenlTidl^  \ix  \\i^  ^t^V 
qmtdnBi  will  be  equal  to  it8  increase  in  the  fourth,  and  \\a  de,cx^;y'&^ 

60* 


ASTROSOKT. 

dJ  riQndrnnt  will  be  equal  to  ila  iucrense  in  the  ttibd;  t( 
«  of  wLich  will  be  that,  ia  a  cumplete  reiolutioi,  fti 

will  suffer  DO  i^haDgc  from  tbe  opcralaoD  of  the  tB» 
lont  of  the  disturbing  force. 
3,  Ihprefure.  that  when  the  mooo's  jieri^e  is  in  goiiJMh;- 

centrieity  of  its  orbit,  at  the  end  of  each  Bjoodic  ntdt- 
ic  the  same  aa  at  the  bcginoing,  but  that  during  tncb 

it  will  dternatelj  iDoreose  and  decrease  within  ccrtui 

it«. 

Second  Case. 

WHEN   PEKIOEK    19  IN   OPPOSITION. 

M»l!on  n/  the  'ips!'bg.  —  As  before,  let  the  lines  p,  p',  ind 
844,  be  drawn,  njaking  angles  of  54"  44'  7"  with  ibe 
jgiea  c  0,  and  let  us  consider,  6rst,  aa  is  the  formor  raw, 
of  the  radial,  and,  secondlj,  the  effect  of  the  tangcn&l 

The  radial  coniponeot    being    negative,   while  the  mono 
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First.  The  radial  component  being  negative  from  p',  to  p,  and 
from  P,  to  p'a  and  positive  from  p,  to  Pj  and  from  p',  to  p„  it  will 
cause  the  eccentricity  to  decrease  from  c  to  P,  and  from  p„  to  o, 
and  to  increase  from  P|  to  p,;  whDe  in  the  other  half  of  the  synodic 
TBTolation,  it  will  cause  it  to  increase  from  o  to  p^,  and  from  p^,  to 
G,  iwd  to  decrease  from  p^,  to  P',  (3193) ;  and  it  is  evident,  as  before, 
that  the  effecta  in  each  half  orbit  being  compensatory,  no  nltfmate 
variation  is  produced  by  this  component  upon  the  eccentricity  in  a 
complete  synodic  revolution. 

Secondly.  The  effects  of  the  tangential  component  are,  in  like 
manner,  shown  to  be  compensatory  in  this  case  by  reasoning  so  com- 
pletely similar  to  the  former  that  it  need  not  be  repeated. 

Third  Cask, 
when  the  apsides  are  in  quadrature. 

3207.  Motion  of  the  apsides,  —  Let  the  lines  p,  p',  and  p',  p„ 

fig.  845,  as  before,  be  drawn,  making  angles  of  54^  44'  7"  with  the 

line  of  sysygies  o  o.     We  shall,  as  in  the  former  case,  consider  first 

the  effect  of  the  radial,  and  second  that  of  the  tangential  component. 

FirsL  The  radial  component  being  negative  from  p^i  to  p^  and 
from  Ps  to  P^s,  and  positive  from  p,  to  p,  and  from  P^,  to  p',,  it  fol- 
low! that  a  regressive  motion  will  be  imparted  to  the  apsides  while 
the  moon  moves  from  o  to  P|,  from  pg  to  o,  and  from  p^  to  P^i,  and 
tiiat  a  progressive  motion  will  be  imparted  to  it  in  the  intermediate 
arcs,  that  is  from  P,  to  P3,  from  o  to  P^s,  and  from  P^i  to  c. 

But,  from  the  principle  already  so  often  referred  Xo,  in  virtue  of 
which  the  intensity  of  the  disturbing  force  at  equal  inclinations  to  the 
line  of  syzygies  is  proportional  to  the  distance  of  the  moon  from  the 
earth,  it  will  be  evident  that  the  total  effect  of  the  radial  component 
in  imparting  a  regressive  motion  to  the  apsides  from  p^,  to  p^,  will  be 
much  greater  than  its  total  effect  in  imparting  a  progressive  motion 
from  P|  to  Ps,  while  the  difference  of  its  effects  in  the  other  arcs  will 
be  comparatively  small.  It  will  follow,  therefore,  that  after  an 
entire  revolution  the  effect  of  this  component  in  imparting  regres- 
sion will  greatly  predominate  over  its  effect  in  imparting  progression, 
and  that,  on  the  whole,  the  apsides  will  be  made  to  regress. 

Secondly,  The  tangential  component  being,  as  before,  negative 
in  the  first  and  third,  and  positive  in  the  second  and  fourth  quad- 
zanta,  it  will  impart  to  the  line  of  apsides  a  progressive  motion 
through  the  arc  OPgO,  and  a  regressive  motion  through  the  arc 
01^,0(3163). 

It  is  evident,  as  before,  that  in*  this  case  the  regressive  effects 
predominate  over  the  progressive,  and  that,  therefore,  the  effect  of 
this  component  throughout  a  complete  synodic  revolution  l^  \.o  Vm- 
joart  to  the  apmdcs  a  regressive  motion. 
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Effect  cm  (Ae^fwifncV  — We  Blinll,  88  before,  Eratw-        | 

effect  of  the  radial,  aad  secondly  of  the  tangentUl  vm-       ' 

appear,  from  what  has  been  already  explained  (316S),       j 
adiul  component  being  pcwtitive  from  P,  to  P,  and  frani  i,       \ 
eocentritity  will  increase  from  P,  to  v,  and  from  p',  to  ?*„       i 
ccrease  from  P,  to  P,  and  from  p",  to  p', ;    and  the  ladiil       i 

being   positive   from   p,  to  p',  and   from  p',   to  P„  tlie 
J  will    increase   throughout    tbc    former    and    decreuc 
t  the  latter  are. 

,  the  several  arcs  of  the  ellipse  in  which  the  eccenliidij 
le  compared  with  those  in  which  it  decreases,  they  will  be 
De  perfectly  equal  and  symmetrical,  so  that  the  inteaBil; 
ial  components  which  produce  increase  will  be  equal  on 
to  thoaewhich  produce  decrease;  conse(]uenlly,tbe  effeoti 
mponcnt  on  the  eccentricity  will  be  compensatory. 
/y.  Since  the  tangential  component  is  negative  in  the  Gnt 

and  positive  in  the  second  and  fonrtb  quadranta,  it  will 
m  what  has  been  explained  (3163),  that  tbo  eccentricilj 
nunlly  increase   through   the  same  ellipse  F,  O  I'',,  »0  tb»t 
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quadrature,  the  result  will  be  a  progression  of  the  apsides  amount- 
iogtolP  — 9°  =  2^ 

Several  circumstances  attending  the  moon's  motion  combine  in 
producing  this  difference  in  the  effects  of  the  apsides  in  the  two 
positions.  The  synodic  motion  of  the  moon  is  slower  at  apogee 
than  at  perigee  in  the  ratio  of  9  to  13 ;  that  is  to  say,  while  the 
moon  departs  from  the  sun  at  perigee  through  13°,  it  will  depart 
mt  apogee  through  only  9°.  The  consequence  of  this  is,  that  the 
slower  synodic  motion  at  apogee  leaves  a  longer  time  for  the  operar 
tion  of  the  sun's  disturbing  force  upon  the  earth  than  at  perigee. 
Thus,  this  force  is  not  only  more  energetic  at  apogee  than  at  peri- 
geOy  since  its  intensity  is  proportional  to  the  mean  distance  from 
the  earth,  but  the  more  intense  force  acts  for  a  longer  time. 

When  perigee  is  in  conjunction,  the  motion  of  the  apsides  being 
progressive,  and  at  the  rate  of  11°  in  each  synodic  revolution,  while 
the  progressive  motion  of  the  sun  in  the  same  time  is  about  27°,  it 
follows  that,  in  each  synodic  revolution,  the  sun  will  depart  from 
perigee  through  a  distance  of  27° —  11°  =  16°. 

Bat  when  the  sun  is  in  quadrature,  the  regressive  motion  of  the 
apsides  in  each  revolution  being  9°,  while  the  progressive  motion 
of  the  sun  is,  as  before,  27°,  the  sun  and  perigee  will  depart  from 
each  other,  in  each  synodic  revolution,  through  27°  -|-  9°  =  36°. 

It  appears,  therefore,  that  the  separation  of  the  sun  and  perigee, 
in  each  synodic  revolution  when  perigee  is  in  syzygies,  is  greater 
than  when  it  is  in  quadrature,  in  the  proportion  of  36  to  16,  or 
9  to  4. 

It  is  evident  from  this,  therefore,  that  another  cause  operates  in 
favour  of  the  more  continued  action  of  the  disturbing  force  in  pro- 
ducing a  progressive  motion  in  syzygies  than  in  producing  a  regres- 
sive motion  in  quadratures,  inasmuch  as,  from  what  has  been  just 
explained,  the  sun  separates  itself  from  the  position  favourable  to 
the  action  of  the  disturbing  force  more  than  twice  as  rapidly  in 
quadratures  than  in  syzygies. 

Fourth  Case, 
when  the  apsides  are  obuque  to  the  line  of  8tzt0ies. 

3210.  Motion  of  the  apsides, — It  has  been  shown  that  when  the 
apsides  are  in  syzygy  the  disturbing  force  imparts  to  them  a  pro- 
gressive motion  at  the  rate  of  about  11°  in  each  synodic  revolution, 
and  that  when  they  are  in  Quadrature  it  imparts  to  them  a  regres- 
sive motion  at  the  rate  of  about  9°  in  each  synodic  revolution.  It 
might  therefore  be  expected,  that  if  the  line  of  apsides  assume  suc- 
cessively increasing  inclinations  with  the  line  of  syzygies,  from  0° 
to  90°,  the  progressive  motion  of  11°  imparted  to  the  apsides  at 
syzygies  would  gradually  decrease^  and  at  some  iulexm^^^v.^^.^  'wiOCv 
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nation  between  0^  and  00"  wovld  become  notliing,  after  wbiA  tlie 
inntioD  impLirU'd  to  the  atiaidcs  becoiuing  rv'crcssivu,  would  giadniUj 
incrcofic  until  it  biicomcB  0°  in  each  aynodto  revolution,  when  the 
line  of  aphides  is  iu  [(Dadrature. 

If  the  conditiona  nbiob  dutcrmine  tbc  effect  of  each  compoDcnt 
of  the  disturbing  force  upon  the  direction  of  the  line  of  BpudM,iB 
relation  to  tbut  dT  ayiygies,  be  clearly  fixed  in  the  miod,  the  ttaial 
will  have  no  difficulty  ia  aeeing  that  this  in  fact  will  be  the  tax. 
Fur  this  purpose,  it  is  only  neccBBory  to  disw  the  elliptic  orbit  will 
ita  major  axia  iuclinud  to  the  line  of  ayiygics  at  ancocuiTel;  ii- 
creasing  nogle!!,  and  to  examine  and  compare  carefullj  the  difeot 
effects  produced  by  each  eompoucat  of  tbc  disturbiog  forM  am 
the  luouTi  at  different  elougiitioiia  from  the  sun,  in  each  pentiDii  (f 
tbo  ap^idts  in  riiluilon  to  sytygy.  It  triil  be  found  that  vhentk 
line  of  apsiJca  mukua  a  very  small  angle  wiib  the  line  of  ayifpOi 
the  effect  of  the  dislurbiug  force  is  very  little  lesa  than  at  ayajgio,  ' 
and  that,  accordingly,  a  progressive  motion  is  ioiparled  to  tbeaf- 
Bides,  very  little  less  than  11° ;  sod  on  the  other  hand,  that  vba 
the  line  of  apsides  makes  nith  ibat  of  eytygiea  an  angle  bat  littlt  ' 
less  than  'M°,  the  regressive  moliou  imparted  to  tbe  apsides  ia  Unit  ' 
IcHS  than  W. 

It  will  not  be  necessary  here  to  multiply  the  details  of  ilis 
analysis,  by  going  tbmugb  tbo  partieulars  of  all  such  cases;  tntii 
inay  be  useful  to  illustrate  tbe  mode  of  investigating  them,  tr  ' 
ahuwiiig  the  effects  of  the  dialurbing  force  on  the  line  of  apsiilti.  '. 
when  tiiut  lioc  is  indiiicd  to  tbal  of  syzygies  at  tbe  au<'lei>fM' 
44'  7",  at  which  the  effects  of  the  disturbing  force  iii  iiniiarting  pr> 
gressive  and  regressive  motion  to  the  apsides  are  conipeniat.Jj, " 
nearly  ao,  and  where,  therefore,  the  apaides  at  the  end  of  a  jvnwU; 
revolution  bavc  the  same  direction  as  at  its  com  men  cement 

3211.  W/itn  ih.-  nV« 
perigee.  U  bi."  44'  7'  (-:/>' 
the  jxiinl  of  ccmJumlioK- 
Ijct  a  Q,  fi.j.  S4T,  he  the  liK 
of  syiygies,  c  being  tlie  p«Bi 
of  conjunction  when  tk 
moon's  perigee  p  is  54'11 
7"  before  it,  and  wheo,  Kt- 
eequently,  the  apogee  i  it  •: 
the  same  angular  diMoot 
from  tbe  point  of  oppjsiii* 
o.  The  lino  of  ap*id«»it 
then  coincide  with  the  Ii« 
wbieh  in  the  precedini  4* 
groma  has  been  marleii  r 
^'>S-  ^''l.  Vi^uid  the  line  m  n  [ofliii 
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tJirough  s  at  right  angles  to  the  line  of  apsides,  will  lie  in  ailvance 
of  the  line  p'l  P3,  which  is  incliued  to  the  line  of  sjzygiea  on  the 
oihor  side  of  it  at  the  angle  54°  4-1'  7". 

We  shall  consider,  first y  the  effect  of  the  radial,  and  fccomJlif^  of 
the  tangential  component. 

First,  From  what  has  been  already  proved  (3103),  it  appears 
that  a  positive  radial  component  will  render  the  apsides  regressive 
while  the  moon  passes  from  m  to  71,  and  progressive  while  it  pusses 
from  71  to  m,  and,  consequently,  that  a  negative  radial  component 
will  produce  a  contrary  effect.  By  combining  these  with  the  condi- 
tions which  determine  the  changes  of  sign  of  the  radial  component, 
explained  in  the  present  chapter,  it  may  be  easily  inferred,  tliat  the 
ap>idea  will  be  progressive,  while  the  moon  moves  from  j?  to  p,  from 
m  to  P's,  and  from  l'',  to  n,  and  that  they  will  lie  regressive  while 
the  moon  moves  through  the  arcs  V^m^ti  i'',,  and  7}  p,;  and  it  will 
be  easy  to  perceive  that  the  apgregaic  Icn^'th  <if  these  arcs  is  not 
only  nearly  equal,  but  that  their  di.>t:inces  from  s  arc  nearly  the 
same,  consequently  the  extent  of  the  orbit  thr<iu;;;h  which  the  radial 
component  renders  the  apsides  progressive,  is  nearly  iqiial  to  that 
through  which  it  renders  it  regressive.  The  effects  of  this  conipo- 
Dcut  arc  therefore  cninpi  nsutory. 

Sn'OHiVi/.  It  appear^  fDiu  what  has  been  proved  (3 10.5 J  that  a 
positive  tangential  eotuponunt  renders  the  apsides  progressive  while 
the  moon  moves  from  p  to  r/,  and  rr<:res>ive  while  it  moves  from  a 
to  /),  and  that  a  negative  tnngentiul  i.-oui})oiicnt  has  contrary  effects. 
By  combining  the.-e  with  whut  has  bev;n  proved  in  the  changes  of 
sign  of  the  tangrntiul  ctmiponent  in  the  prrxut  chapter,  it  will  be 
easy  to  infer  that  this  conipont  lit  will  render  the  apsides  progressive 
from  Vi  to  (),  from  a  to  i**,,  and  from  c  ti>  p,  and  regressive  from  p 
to  Viy  from  o  to  r/,  and  from  i'',  to  C;  and  by  cfjmparing  these  arcd 
as  before,  it  will  be  obvious  that  they  are  nearly  equal  in  length  and 
at  nearly  equal  distance's  from  s,  and  that  consequently  the  effects 
of  this  component  of  the  disturbing  force  are  also  compensatory. 

It  follows  therefore,  gent  rally,  that  in  this  position  of  the  moon's 
perigee  no  motion  is  imparted  to  the  line  of  apsides  in  a  complete 
hynodic  revolution,  but  that  alternate  motions  of  progression  and 
regression  of  equal  total  amount  are  imparted  to  it  during  each 
revolution. 

3212.  ir/it'w  the  moons  prngee  i»  54**  44'  7"  hrhind  the  point 
of  opposition,  —  This  ease  is  represented  in  fitj,  if48,  the  moon's 
apogee  being  the  same  distance  behind  the  point  of  conjunction  c. 

We  shall,  as  in  the  former  case,  consider,  ^r«/,  the  effect  of  the 
radial,  and  svcrmilly^  that  of  the  tangential  component. 

First.  Upon  the  same  principles  as  were  applied  in  the  preceding 
case,  it  will  follow  that,  by  the  effect  of  the  radial  component,  the 
apsides  will  be  progressive  while  the  moon  moves  from  m  to  l?\^ 


ugMitial  eoiii)>oiMDt  the  apiidei  will  ba  noderad  progreaairfl  while 
M  moon  moves  from  O  to  P*,,  from  s'f  to  O,  and  from  p,  to  f^  ind 
ut  they  will  be  regrawTe  whila  it  moves  ftom  ^  to  O,  from  p*,  to 
'^  ud  from  0  to  Pi ;  uid  it  will  appear  u  beibie  tlut  the  efectB 
r*  oompeiuatory. 
It  fbUowa,  theiefore,  ia  general,  as  in  the  fimner  euee,  that  in 
liii  pondoD  of  perigee  the  line  ctf  apmdea  snfierB  no  ehauge  at 
inabco  from  the  action  of  the  diatnrluug  fbroe  after  a  oomplete 
podio  tevolntionj  but  that,  during  such  revolntioD  aa  beibn,  it 
nllatee  on  either  nde  of  its  mean  poeiticMi. 
8214.  If  Am  pa^ee  it  54°  44'  7"  behind  coM^rndtbii.— In  thii 
ease,  which  is  npreeented  in 
^.  860,  the  line  of  apogee  ii 
at  the  Kme  angular  dietaace 
behind  the  point  of  oppoaitioa. 
Fini.  B;  Uie  efeota  of  the 
ndtal  eomponent  the  apgjdee 
will  be  rendered  progressive 
while  the  moon  moves  from 
P,  to  n,  from  p'l  to  P*,,  and 
from  m  to  Pu  and  repressive 
while  it  moves  from  Pi  to  P|, 
from  n  to  ?*«  and  from  p*,  to 
m;  and  aa  before,  it  maj  be 
ibown  that  the  effects  in  these 
OBMI  respectively  are  com- 
pensatoiy. 

SKondfy.  B J  the  effects  of 
the  tangential  fbroe  it  appears, 
n  like  manner,  that  the  apndes  will  be  render^  pnwressive  from  o  to 
't,  from  p'l  to  0,  «Dd  from  p,  to  Pi,  and  remanve  from  Pj  to  0,  from 
^i  to  p'„  and  from  o  to  Pi;  and  that,  in  Bke  manner,  these  efTeola 
ire  oompensatorj. 

It  followe,  therefore,  that  in  this  position  of  the  moon's  perigee 
10  effeet  is  produced  by  the  distnrlnng  fbroe  npon  the  diieoticn  of 
he  line  <tf  apsides  afUr  ■  complete  synodia  revolotioD,  bnt  that  line, 
«  before,  during  sach  revolution  oscillates  on  the  one  side  and  on 
he  other  of  its  mean  position. 

3215.  SHmmaiy  of  the  motion*  of  the  aptvUi. — After  what  has 
«eD  explained  sbove,  the  motion  of  the  Tine  of  apsides  in  all  its 
ndtions  with  relation  to  the  line  of  syiygies  may  be  etuly  inferred. 
t  most  be  remembered  that  the  lines  of  syiygies  and  apsides  being 
loth  afiecled  with  a  mean  progressive  motion,  tkatcf  eysygies,  how- 
ver,  being  much  more  rapid  than  that  of  apsides,  it  will  follow  that 
lie  line  of  sjaygies  after  each  soocessive  synodic  revolution  will 
pin  apoB  the  line  ofapadea,  advandng  oonatkntlj  Won  ilL 
lu.  51 


ng.850. 
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ae  of  apaidee  will   then,   according   to   what  bu  ben 
iter  oae  Byoodic  revolatioQ  be  affected  bjr  k  progictahc 
After  the  next  ajnodic  revolntion  the  line  of  §yiygiei  will 

to  the  latter  will  be  less  th&o  before,  and  after  eoeti  nw- 
aodto  ravolution  the  line  of  Bjcy^es  advancing  further  md 
advance  of  the  line  of  apsides,  the  progressive  moUon  in- 
the  kt(er  will  become  less  nnd  legs  until  the  libe  of  bjij- 
Lg  udvanced  to  the  distance  of  54°  44'  7"  from  the  Um  of 
be  progressive  motion   ceoaca,  and    the   line    of  apsidei 
itntionary. 
bis,  the  line  of  syijrgiee  advanoing  to  a  atil]  greater  ai^ 

every  successive  sjncdio  revolution  until  the  line  of  apBidcl 
3  quudraturu,  when  the  regressive  motion  of  tbe  ap»id« 
ID    a  eomplcte  Hjnodic  revoluljon  becomes  a  maximau. 
s  when  the  line  of  syzygiea  haa  advanced  more  than  90* 
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fib)eei  to  no  ^ariatioii,  H  ii  plttD  that  tt  these  pcmiti  it  must  be 
either  a  maziiDuiii  or  t  minimmn,  sinoe  it  is  neither  on  the  increase 


8217.  When  perigee  u  54^  44'  7"  be/are  ^  point  of  eonptnetitm. 
—  We  shall  consider  as  beforey/nl,  the  eflbcts  of  ^e  radialy  and 
meomdlj^j  those  of  the  tangential  component  npon  the  eeoentncitjr. 

ISrtL  It  appears  from  what  has  been  prored,  that  a  positiTe 
ladial  component  will  caose  the  eccentrioi^  to  diminish,  while  the 
neon  mores  from  perigee  to  apogee,  and  to  increase  whOe  it  mores 
from  Apogee  to  perigee,  and  that  a  necatiTe  radial  component  will 
have  a  contrary  effect.  It  wil^  follow,  tnerefore,  in  this  case  by  com- 
hiDing  this  pnndple  with  the  conditions  determining  the  change  of 
sign  of  the  radial  component  explained  in  the  present  chapter,  that 
kk  will  eanse  the  eeoentrioi^  to  increase  while  the  moon  mores  from 
1^  to  1^1,  /ig.  847,  and  to  decrease  while  ii  mores  from  y,  to  p^ 
Bol  it  wul  be  erident  bj  comparing  the  lencths  of  these  two  arcs, 
aai  tfadfar  distances  from  s,  that  the  effisct  cl  the  distnrbinff  force 
wBl  be  mnch  greater  in  the  former  than  in  the  latter,  ana  conse- 
^pently,  that  the  increase  of  the  eccentricity  in  the  former  must 
gnntlj  exceed  the  decrease  in  the  latter,  and  therefore,  that  the 
eflbet  of  the  radial  component  in  an  entire  sjnodic  rerolntion  will 
be  to  increase  the  eccentricity. 

Sdoondfy,  It  appears  from  what  has  been  explained  that  the 
«fliMt  of  a  positive  tangential  component  will  be  to  decrease  the 
•oeontricity  while  the  moon  moves  from  m  to  n,  and  to  increase  it 
wliila  it  movea  from  n  to  m,  and  that  a  negative  tsn^otial  com- 
ponent will  have  contrary  effects.  By  combining  this  with  the 
changes  of  sign  explained  in  the  present  chapter,  it  will  follow  that 
tbe  eccentricity  will  be  increased  while  the  moon  moves  from  Pg  to 
wu  from  O  to  P'l,  and  from  n  to  c,  and  that  it  will  be-  decreased 
mile  it  moves  from  o  to  p^,  from  m  to  o,  and  from  p^,  to  n,  and  by 
eomparing  these  arcs  both  with  relation  to  their  extent  and  their 
distence  from  s,  it  will  be  apparent  that  the  increase  of  the  eccen- 
trimty  mnst  exceed  the  decrease,  and  that  consequently  the  result  of 
m  whole  synodic  period  will  be  to  cause  the  eccentricity  to  increase. 

It  appears,  therefore,  that  both  components  of  the  disturbing  force 
im  this  position  of  the  line  of  apsides  will  cause  the  eccentricity  to 
inorease  during  each  synodic  revolution,  being  subject  nevertheless 
dwing  such  revolution  to  alternate  increase  and  decrease. 

8218.  When  perigee  ie  64°  44'  7"  bi^ind  opposition.  —  First. 
JS^  the  eflfocts  of  the  radial  component  it  may  be  shown,  as  before, 
that  the  eccentricity  will  constantly  increase  while  the  moon  moves 
tton  P|  to  ^tfj^9'  848,  and  will  continually  decrease  while  it  moves 
tton  P^«  to  Pi9  and  it  will  be  obvious,  from  oonsideriog  the  ma^- 
milade  oi  these  ares  and  their  distances  fixmi  b^  that  tbe  dfecoraat^  ^ 
Iha  eoosntrieity  will  oowadenhlj  exceed  the  inci«a&e\  vn^  ^^in^ 


ABTROSOKT. 

lent  of  the  distiirbiiig  force  vill,  dniiag  n 

B  the  eccentricity  to  decrease. 
my.  By  tlie  effects  of  the  tangentia!  force,  it  mtf  lit 
f  before,  that  the  ecoeatrioitj  will  be  inereased  while  Qie 
Ires  from  p,  to  o,  from  m  to  p'„  uid  ^m  o  to  n,  and  ibil 
I  decreased  while  the  moon  moTea  from  n  to  Fg,  ^om  0  lo 
C,  and  bj  comparing  these  arcs  it  will  be  obTiona 
fital  decrease  will  exceed  the  total  increase. 

)  therefore  from  this,  that  both  componeota  of  thed* 
;e  in  tbis  position  of  perieee  causes  tbe  eocentricit;  ta 
a  compiete  sjnodic  revolutioo. 

■ken  perii/ee  u  54"  44'  7"  be/ore  oppotititm,  —  FirU.  — 
\  shown  as  before,  that  the  radial  componeDt  will  caoac  tire 
ionally  to  inoreaBe  while  tbe  moon  moves  from  i, 
I  849,  and  to  decrease  cootinaally  while  it  movea  from  Fi 
h  b;  comparing  these  arcs  as  before,  it  will  be  appamii 
■□crease  greatly  exceeds  tbe  decrease,  and  therefore,  so  &r 
'  to  the  radial  component,  the  eccentricity  daring  etch 
pvotution  will  suffer  an  increase. 

y  tbe  effects  of  the  tangential  component,  tbe  eceen- 
nbilo  the  moon  moves  from  c  to  P^,  from  n  to  o 
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bom  perigee,  ibe  eoeentrioity  decreaMS,  and  oontiDaee  io  deereaee 
mil  the  point  of  conjmietion  is  90^  from  perigee,  when  the  eceen- 
tricity  again  becomes  stationary,  its  decrease  eeasin^.  When  the 
eotniinetion  advances  more  than  90^  from  perigee,  the  eccentricity 
uun  increases  and  continues  to  increase  until  the  point  of  conjuno- 
tum  has  moved  180^  before  perigee,  when  the  increase  ceases. 
After  this,  the  eoeentrioity  again  decx^ases,  and  continues  to  decrease 
ontil  the  p(nnt  of  conjunction  gains  another  quadrant  on  perigee, 
iriien  the  increase  ceases  and  the  decrease  commences,  which  is  con- 
timied  through  another  quadrant  It  appears,  therefore,  that  the 
eooentridty  is  a  maximum  when  the  apsides  are  in  quadrature,  and 
a  minimum  when  they  are  in  conjunction,  and  that  consequently  it 
gradually  increases  while  the  apsides  move  from  conjunction  to 
qoadimtnre,  and  gradually  decreases  while  they  move  firam  quadrar 
tare  to  oonjnootion. 

If  y  express  the  value  of  the  eccentricity  while  the  apsides  are 
in  qaadiatare,  and  ^'  their  value  when  in  conjunction,  the  mean 
nine  being  ^  it  is  found  that 

</:«:</'=  1-50: 1-25: 100; 

so  thai  the  extreme  range  of  variation  of  tiie  ecoentrioi^  of  the 
moon's  orbit  is  as  8  to  2. 

imoTS  ov  THB  bistubbhc a  voeoi  upon  thi  lunar  nodxs  and 

INCLINATION. 

From  what  has  been  proved  in  general  (3158.  et  sea,),  it  will 
ifpear  that  when  the  moon  is  less  distant  than  the  eartn  from  the 
iui,  the  orthogonal  component  of  the  disturbing  force  will  have  a 
tendency  to  draw  it  out  of  the  plane  in  which  it  is  moving  towards 
the  aide  on  which  the  sun  is  placed,  and  that  when  the  moon  is 
more  distant  than  the  earth  from  the  sun,  the  orthogonal  component 
will  have  a  tendency  to  draw  it  out  of  the  plane  in  which  it  moves 
to  the  side  opposite  to  the  sun. 

Bat  it  has  also  been  proved  that  Uie  nodes  will  have  a  progres- 
nve  or  regressivo  motion,  according  to  the  direction  of  the  orthogonal 
fevoe  in  the  successive  quadrants  of  its  orbit  between  node  and 
node. 

It  will,  therefore,  be  necessaiy  to  consider  successively  the  effects 
of  the  disturbing  force  in  the  various  positions  which  the  lines 
of  syinrgies  and  quadratures  may  assume  with  relation  to  the  line 
of  DO»es. 

First  Case. 

8222.^  When  the  line  o/tyzy^ieB  u  in  the  line  o/nocfei.— In  this 
I,  it  is  evident  that  the  orthogonal  component  ot  1kk«  4QiS^t\A\i% 

61* 
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tuomPM  wilh  the  inmaae  of  the  orthogonal  fbree,  until  the  moon 
iiiivei  at  0,  when  the  regresnon  is  a  maximum ;  it  then  decreases 
and  continaes  to  deereafle  until  the  moon  arrives  at  d,  where  it 
yanishes;  it  again  increases  firom  D  to  o,  where  it  is  again  a  maxi- 
fflomy  and  decreases  from  o  to  A,  where  it  Tanishes. 

The  diange  of  inclination  produced  hy  the  disturhing  force  beine 
nothing  at  a,  the  inclination  decreases  continuallj  from  a  to  o,  and 
increases  from  o  to  b.  It  is,  therefore,  a  minimum  at  o.  After 
pasnng  d,  it  decreases  from  d  to  o,  and,  consequently,  is  a  maximum 
at  D.  After  passing  o,  it  increases  from  o  to  a,  and  is,  consequently 
a  minimnm  at  o. 

Thus  it  appears  that  the  inclination  *is  least  at  conjunction  and 
opposition,  and  greatest  at  quadratures,  —  that  is,  in  the  present 
poeitum  of  the  lines  of  syzygies  and  quadrature,  it  is  least  when  the 
mooD's  latitude  is  greatest,  and  greatest  when  the  moon's  latitude 
11  nothing. 

Thibd  Cass. 

8224.  When  the  line  of  9^}/g%t8  u  less  than  90^  be/ore  the  line 
of  nodes*  —  This  case  is  represented  in  Ji^,  852,  where,  as  before,  A 


Fig.  852. 

iding  and  D  the  descending  node,  o  and  o  being  the  extremities 
of  the  line  of  syzygies,  and  Pg  and  p',  those  of  the  line  of  quadratures, 
the  points  l  and  tf  being  those  at  which  the  moon's  orbit  is  most 
distant  from  the  ecliptic,  and,  therefore,  the  middle  points  of  the 
■emicircleB  A  d  and  d  a. 

From  what  has  been  explained,  it  is  evident  that  the  orthogonal 
component  at  Pt  and  f^2  will  be  nothing,  since  at  those  points  the 
distorlmig  force  is  radial ;  and  it  has  been  already  shown  that  at  tho 
nodes  a  and  d  the  orthogonal  component  is  also  nothing. 

While  the  moon  moves  from  p^g  through  A  and  o  to  Pg  the  dis- 
toflmig  fosoe  tends  to  draw  it  from  the  plane  of  its  orbit  towards 
the  ecliptic,  and  while  it  moves  from  Pf  through  d  and  o  to  p^g  the 
diatnrbing  force  tends  to  draw  it  up  from  the  plane  of  her  orbit; 
thereforo  in  moving  from  p^,  to  A  the  disturbing  force  draws  it  from 
the  plane  of  the  ecliptic,  and  while  it  moves  from  a  to  pg  through  o 
and  s  the  disturbing  force  draws  it  towards  the  pkme  of  the  ecliptic. 

While  the  moon  moves  from  p,  to  D  it  draws  the  moon  from  the 
plane  of  the  ecliptic,  and  while  it  moves  firom  B  through  o  and  tf 
to  Pt  it  draws  it  towards  the  plane  of  the  eeliptio. 


v« 
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The  nme  ooDcInaions  would  follow  if  the  moon's  orbit  were 
sappoeed  to  be  inclined  to  the  ecliptic  in  the  other  direction. 

Thus  it  ftppears  in  general  that  when  the  line  of  nodes  is  in 
ijjiygies  no  change  takes  place  either  in  the  position  of  that  line  or 
in  the  magnitade  of  the  inclination.  While  it  passes  from  syzygies 
to  quidratore  the  line  of  nodes  regresses  and  the  inclination  dimin- 
itlieB;  when  it  is  in  the  line  of  qnadratores  the  line  of  nodes  re- 
gressesy  but  the  inclination  is  unchanged ;  and  when  it  is  between 
qopdimtores  and  sjsjgiesthe  line  of  nodes  still  regresses  and  the 
moliiiation  is  increased.  Thus  whea  the  sun  has  described  in  its 
appuent  motion  nearly  one  half  a  revolution  of  the  ecliptic,  there 
m,  on  the  wholci  a  regression  of  the  node  and  an  alternate  increase 
and  decrease  of  the  inclination ;  and  during  its  motion  through  the 
Mmt  half  €(  the  ecliptic  similar  changes  are  produced  in  the  same 
oriar.  It  follows,  that  the  inclination  is  a  maximum  when  the  line 
of  nodes  is  in  syxygies,  and  a  minimum  when  it  is  in  quadratures. 

8226.  GxNKaAL  summabt  of  the  lunar  inequalities. — 
From  all  that  has  been  stated  in  the  present  chapter  it  appears  that 
the  principal  lunar  inequalities  are  as  follows : — 

1^.  The  annual  equation,  which  depends  on  the  yariation  of 
the  disturbing  force  due  to  the  varying  distance  of  the  earth  from 
the  son  in  its  elliptic  orbit 

2^.  The  variation,  which  depends  on  the  difference  of  the 
cGitiirbing  force  arising  from  the  synodic  place  of  the  moon. 

8^.  The  aooeleration  or  the  moon's  mean  motion,  depend- 
ing on  the  effect  produced  upon  the  disturbing  force  by  the  secular 
variation  of  the  eccentricity  of  the  earth's  orbit. 

4^.  The  parallactic  inequality,  depending  on  the  difference 
between  the  disturbing  forces  of  the  sun  in  conjunction  and  oppo- 
ntion. 

5^.  The  equation  of  the  centre,  an  inequality  which,  how- 
evRi  cannot  properly  be  called  a  perturbation,  inasmuch  as  it  depends 
only  on  the  ellipUc  form  of  the  lunar  orbit^  which  would  subsist 
wiuoni  any  disturbing  force. 

6^.  The  alternate  progression  and  regression  of  the 
APSIDES,  depending  on  the  synodic  place  of  the  moon. 

7^.  The  mean  progression  of  the  apsides,  being  the  excess 
of  the  progression  over  the  regression  during  a  synodic  period. 

8^.  The  variation  of  the  sccentricitY|  depending  on  the 
q^nodieplaoe  of  the  moon. 

9^.  The  alternate  regression  and  progression  of  the 
nodes,  arising  from  the  effect  of  the  orthogonal  component  of  the 
distormnff  force. 

10^.  Tbm  mean  REGREsaiON  OF  THE  NODES,  arisbg  from  the 
excess  of  the  regressive  over  the  progressive  motion  during  thi^ 
sjnodfo  nroItttiOD, 
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ubined  effects  of  the  seventh  and  eighth  of  the  precedingiE- 
depending  on  the  synodic  position  of  perigee  are  called  h 
on  name,  cvection.     Tbia  is  the  greatest  inequnlitj  to  which 
n  place  is  subject,  producing  a  variation  in  the  atODo't 
the  extreme  rangeof  which  is  2i°.     It  was  discoTeredbj 
n  about  the  jear  A.  D.  HO,  bj  Ptolemy, 
equality  arising  from    the  altemale   regression    and  pro- 
were  discovered  by  Tjcho,  about  the  year  1590.     This 
atest  of  the  inequatitics  which  affect  tlie  moon's  latitude. 
however,  is  limited  ta  about  16'. 

Oilier    lesier    mcqualttii-i.— The    preceding    incqraliti*, 
as  they  may  seem,  are  nevertheless  only  the  principil 
unar  perturbations.     There  are  many  others  which  depend 
nees  of  intensity  of  the  disturbing  force,  vrhioh  have  not 
taken  into  account;  for  ciample,  the  rate  of  the  pro- 
f  the  apsides,  as  well  as  the  diminution  of  the  Innar  orbit, 
by  the  difference  of  the  inlenaitiefl  of  the  disturbing  force 
tion  and  opposition. 

JOYIAK  THBORT.  611 

Jvpit&t^B  MielHteBy  and  that  raok  fistnrbftnoes  do  act  and  that  like 
ineqnalitiea  are  prodnoed  cannot  be  doabted. 

3229.  Why  the  game  inequalities  are  not  mani/ettted. — Bat 
when  we  come  to  calcokte  the  quantities  of  these  inequalities  io  the 
case  of  Jopiter,  they  are  found  to  be  so  utterly  insignificant  in  their 
numerical  values,  that  they  are  altogether  incapable  of  being  appre- 
ciated by  the  niceat  observationi  except  in  the  case  of  the  fourth 
ntellitei  in  whoee  motions  inequalities  of  very  minute  amount, 
aaalogoua  to  the  moon's  Yariation,  evection,  and  annual  equation 
ue  barel;^  observablci  the  inequality  corresponding  to  the  annusl 
eqoatkm  io  this  case  amounting  to  no  more  than  ^,  and  the  other 
ioMoalities  being  much  less. 

The  cause  of  this  inmgnificant  amount  of  the  disturbing  force  of 
tba  ami  wUl  be  easily  understood. 

nie  whole  Jovian  system  subtends  at  the  sun  a  visual  angle  less 
tlian  ooe-half  the  apparent  diameter  of  the  sun  as  seen  from  Uie 
aarth,  and  consequently!  lines  drawn  from  the  sun  to  all  points  in 
that  system  will  ne  practicaUy  parallel,  and  with  the  exception  of 
the  fourth  satellite,  as  already  mentioned,  the  variation  of  the  dis- 
tances of  the  different  satellites  from  the  sun  is  so  utterly  insignifi- 
cant, compared  with  the  whole  distance,  that  the  corresponding 
variation  of  the  intensity  of  the  sun's  attraction  upon  the  satellites 
and  the  central  body  is  so  minute  as  to  produce  no  perceptible  dis- 
torbing  efEect  In  a  word,  the  sun's  attraction  upon  the  Jovian 
system  may  be  regarded  as  a  force  acting  with  equal  intensities  in 
perallel  lines  on  all  parts  of  the  system,  exactly  as  the  force  of 
gravitation  would  act  upon  any  small  group  of  heavy  bodies  phced 
near  the  surface  of  the  earth. 

8230.  MiUuai  perturbatioM  of  the  iateUites. — In  this  secondary 
Sjjitem,  therefore,  ccmtrary  to  what  might  be  expected,  there  is  no 
analogy  whatever  to  the  lunar  theory,  and  all  the  perturbaticms 
which  are  observable  are  those  due  to  the  mutual  gravitation  of  the 
four  satellites  one  upon  another. 

The  investigation  of  these  perturbations  is  greatly  simplified  by 
the  following  conditions  which  prevail  in  the  system : 

Fint.  That  the  undisturbed  orbits  of  all  the  satellites  are  very 
nearly  drcular,  those  of  the  first  and  second  being  exactlv  so. 

Secondly,  That  they  are  very  nearly  in  the  common  plane  of  the 
planef  8  equator ;  and 

Thirdfy,  That  the  mean  motions  of  the  three  inner  satellites 
are  eommensorable  in  the  remarkable  manner  already  expressed, 
(2762.) 

8231.  lleirogre$tion  of  the  lines  of  conjunction  of  (he  first  three 
aatdUtes. — As  some  of  the  most  remarkable  consequences  of  the 
antnal  disturbing  foroes  in  this  system  depend  upon  the  relation 
between  the  mean  motions  of  the  three  inner  iata!^\«a  yofiX*  \n«CL- 
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ubinod  efiecU  of  the  seventh  and  eighth  of  the  precedioeiii- 
depending  on  the  sjnodio  poMtion  of  perigee  ara  call^  tj 
m  name,  eveclwn.     This  ia  the  greatest  inequidiqr  to  which 
a  place  is  subjeot,  prodnciog  a  variitioa  in  the  moon's 
the  cxtrciDC  range  of  which  is  2}°.     Ittru  discovered  bj 
a  about  the  year  a.  d.  140,  bj  Ptolemy. 
equality  arising  from    the  allemato   regression   and  pro- 

1  were  discovered  by  Tycho,  about  the  year  1590.  Thia 
at«st  of  the  inequalities  which  affect  tie  moon's  Utitude. 

however,  is  limited  to  about  16'. 

Other    lesier    incqualitUt. — The    preceding    inequalities, 

as  they  may  seem,  arc  UGTerthJcES  only  the  prtDcipil 
unar  perturbations.  There  are  many  others  which  depend 
□ces  of  intensity  of  the  disturbing  force,  which  have  not 
L  taken  into  ncmunt;  for  example,  the  rate  of  the  pro- 
f  the  apsides,  as  well  as  the  diminution  of  the  lunar  orbit, 

by  the  dilTerence  of  the  intensities  of  the  disturbing  for* 
:tion  and  opposition. 

kk 
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ri4>iter'i  wUtShimj  and  that  raok  fistarbftnoes  do  act  and  that  like 
neqnalitiea  are  prodnoed  cannot  be  doubted. 

3229.  Why  the  Mame  inequalities  are  not  manifested. — Bat 
when  we  come  to  calcalate  the  qoantides  of  these  inequalities  io  the 
see  of  Jnpiteri  they  are  found  to  be  so  utterly  insignificant  in  their 
aumerical  values,  that  they  are  altogether  incapable  of  being  appre- 
siated  by  the  nicest  observationi  except  in  the  case  of  the  fourth 
OLtellite,  in  whoee  motions  inequalities  of  very  minute  amount, 
laalogous  to  the  moon's  variation,  evection,  and  annual  equation 
ire  barely  observablci  the  inequality  corresponding  to  the  annusl 
Bqaatioo  io  this  case  amounting  to  no  more  than  ^,  and  the  other 
inequalities  being  much  less. 

The  cause  of  this  insignificant  amount  of  the  disturbing  force  of 
tba  son  wUl  be  easily  understood. 

The  whole  Jovian  system  subtends  at  the  sun  a  visual  angle  less 
dian  one-half  the  apparent  diameter  of  the  sun  as  seen  from  the 
Baith,  and  consequentlyi  lines  drawn  from  the  sun  to  all  points  in 
that  system  will  be  practically  parallel,  and  with  the  exception  of 
the  fourth  satellite,  as  already  mentioned,  the  variation  of  the  dis- 
tances of  the  different  satellites  from  the  sun  is  so  utterly  insignifi- 
oant,  compared  with  the  whole  distance,  that  the  corresponding 
Tariatbn  of  the  intensity  of  the  sun's  attraction  upon  the  satellites 
■nd  the  central  body  is  so  minute  as  to  produce  no  perceptible  dis- 
turbing eflEect  In  a  word,  the  sun's  attraction  upon  the  Jovian 
system  may  be  regarded  as  a  force  acting  with  equal  intensities  in 
parallel  lines  on  all  parts  of  the  system,  exactly  as  the  force  of 
g^vitation  would  act  upon  any  small  group  of  heavy  bodies  phced 
near  the  surface  of  the  earth. 

8230.  Mutual  perturbations  of  the  satellites. — In  this  secondary 
anpitem,  therefore,  contrary  to  what  might  be  expected,  there  is  no 
aulogy  whatever  to  the  lunar  theory,  and  all  the  perturbati<ms 
which  are  observable  are  those  due  to  the  mutual  gravitation  of  the 
foor  satellites  one  upon  another. 

The  investigation  of  these  perturbations  is  greatly  simplified  by 
the  following  conditions  which  prevail  in  the  system : 

First,  That  the  undisturbed  orbits  of  all  the  satellites  are  very 
nearly  circular,  those  of  the  first  and  second  being  exactlv  so. 

Secondly.  That  they  are  very  nearly  in  the  common  plane  of  the 
planefs  equator;  and 

Thirdfy.  That  the  mean  motions  of  the  three  inner  satellites 
are  eommensurable  in  the  remarkable  manner  already  expressed, 
^62.) 

8281.  Setrogression  of  the  lines  of  conjundion  of  ike  first  three 
aateHUa, — As  some  of  the  most  remarkable  consequences  of  the 
jnntoal  distorbing  foroes  in  this  system  depend  upon  the  relation 
betireen  the  mean  motions  of  the  three  inner  saUUiUA  VibX  \&«cl- 
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lioned,  we  ibftU,  in  the  first   instance,  ezpluo  the  efl««t  i 
nlation  upon  the  Boceeasive  positioDs  assumeil  bj  tfatir  linn  at 
MoiuDctioo. 

Let   the   three   inner  salellites   b«  a- 
pressed  by  a', 
P,  P",  P"'. 

B;  the  line  of  conjunction  of  tnj  (tt 
sateUiteB  is  to  be  understood  thtt  Bm 
w'"'"''    — ™'i'i    be    dnwn    ihrongb  tl«i 

the> 
that  • 


',  Bod  tbaii  pcrioda  b; 


\                    / 

T 

jr.  854,  be  the  centre  of  tk« 

\.„_____^.,^/ 

flu... 

thit  of  the  first  srieilite, 

the. 

Uite  will  be  in  conjaocdm 

Fig.  8S*. 

with 

w  at  s",.     Now,  if  the  t« 

ga(«llit« 

each  in  ita  proper  orbit,  ii 

the  direction  of  the  an 

■owa  from 

osition,  the  aognlar  motiM 

of  the  first  will  be  ^ 

and  that  o 

Mcond  — fj-  and  bdob  r  m 

less  tban  p",  the  latter  aognlar  motion  will  be  more  rapid  tku 
the  former,  and  the  first  satellite  will  contiDually  gain  npoo  Iht 
ucond,  and  after  the  lapse  uf  tbe  ioterral  called  their  gjB(!& 
period,  the  first  will  overtake  the  second,  and  tbcj  will  be  agtiitii 
conjuDctioD. 

Tbe  new  directioo  of  tbeir  lioe  of  coojUDctioo,  relalirel;  to  & 
former,  will  depend  upon  the  relation  which  snbsiats  between  their 
periodic  times,  and,  consequcDtlj,  between  their  mean  tnolioai 
Kow  it  appears  that  the  mean  motions  of  the  first  and  second  u 
very  nearly,  though  not  eiactly,  in  the  proportion  of  2  to  1.  Bj 
leferenoe  to  the  tabular  synopsis  of  tbe  elements  of  the  Jana 
Byslem,  in  (SSflS),  it  will  be  seen  that  the  proportion  of  their  [«>■ 
odic  dmes  is  as  l7Ct9  to  3551,  that  is,  as  1000  to  2007.  Ii  foilm 
therefore,  that  the  mean  motion  of  the  first  satellite  is  a  little  nm 
than  twice  ns  rapid  as  the  mean  motion  of  the  second.  If  the  m 
motion  of  Ike  lirat  were  exactly  twice  tbe  mean  motion  of  the  sece 
the  first  would  make  two  eompieto  revolutions  while  the  iwi 
would  make  one;  and,  therefore,  the  second  having  revolved  •« 
in  its  orbit,  and  returned  to  e",,  the  first  would  have  revolved  tw^ 
>nd  wonld  abo  have  returned  to  8',,  and  in  this  case,  their  liw  J 
conjunction  would  always  have  the  same  fixed  direction  J  a",  f- 
But  since  the  periofJio  time  of  the  first  is  a  little  less  than  b 
of  the  second,  the  first  will  overtake  the  second  before  it  h 
completed  two  revolutions,  and  the  oonsequeooe  will  be,  U 
next  line  of  oonjanotioa  j  a\  ei",  will  be  behind  the  fiirmer' 
in  A  lingle  ayno^  nvoVifMa,  <ib«a  \aA  c£  ^sf^vm^oa  wi 
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retrograded  through  tho  angle  8^2  J  ^"19  &nd  io  the  same  manDcr, 
ID  another  synodic  period,  it  will  have  retrograded  through  an  equal 
angle,  and  will  assume  the  direction  J  s'  s''^,  and  in  the  name  manner 
at  every  successive  conjunction  it  will  have  retrograded  through  an 
equal  angle,  the  mean  motion  of  the  satellite  being  supposed  to 
remain  the  same. 

3232.  Chanye  of  direction  of  line  of  conjunction  in  each  si/nO' 
die  revolution,  —  To  determine  this,  let  p  be  the  angle  formed  by 
the  line  of  conjunction  at  the  termination  of  each  revolution  with 
the  direction  it  had  at  the  commencement,  such  angle  being  mea- 
sured from  the  latter  position,  in  tho  direction  of  the  motion  of  the 
satellites,  so  that,  in  fact,  ^  will  express  the  increase  of  longitude 
which  the  lino  of  conjunction  may  receive  in  the  synodic  period. 
Let  t'  express  the  synodic  period  of  the  satellites  s'  and  &''.  We 
AaH  then  have  (25259.) 

1        1        1         ^,^     F'F 


qv/         1  y  —  uff  *    —  p// p/  f 

0/»AO 

and  since  b"  moves  through         ■  in  the  unit  of  time,  and  the  ad« 

▼ance  of  the  line  of  conjunction  in  the  time  t'  is  equal  to  the  angle 
through  which  ef'  moves  iu  that  time,  we  shall  have 

^         1*"  •        p  — p 

In  like  manner,  if  t''  express  the  same  angle  for  the  line  of  con- 
jonction  of  the  satellites  s''  and  b'",  wo  shall  have 

♦"  =  360°Xp^-p-, 

8238.  Application  to  the  three  inner  satelliies.  —  Now  in  the  case 
of  these  three  satellites  we  have  by  (2999.)     Table  V. 

p' :  p*'  :?"'  =  17691  :  35512  :  71546, 
from  which  it  appears  that 

^'      =0-9927  ^,!l--  =  0-9855; 


and  consequently 

t'  =  357°-37  t"354°-78. 

It  appearsi  therefore,  that  in  each  synodic  revolution  of  s'  and 
8"  their  line  of  conjunction  advances  through  357° '37,  and  is, 
therefore,  2°-23  behind  its  first  position ;  and  that  in  the  case  of 
8"  and  ^",  the  corresponding  line  advances  through  354° -78,  and 
IB,  therefore,  5°'12  behind  its  first  position. 

8234.  Regrtmon  of  the  lines  of  conjuncivcm,  of  iKe  threft  mlUV 

JIT,  52 


ASTRONOWy. 

koA  — Bul  the  oyiiodio  periods  t  and  i',  of  s',  tf, 
■2577), 

1-  =  3-525                         t"  =  7-0o0; 
isoquenrly  the  sugl^s  oC  rFgrcssion  of  the  two  lina 
u  iu  ihe  same  time  arc  as 

2-23  X  7050  :  5-12  X  3050  : :  157  :  1S6,      , 
thi  rale  of  regrestioa  of  l7ig  hen  line»  of  conjtineU 

1.   Li-nr-  of  ronjvnrtiiiH  of  llie  Jirst  and  sfrotid  in  t 
•f  the  jtfTonrf  «»./  fhirtf.  —  It  fitllows  from  this  thi 
r  (^riTijunctiaa,  thos.  rpgrcesiing  ut  ihe  same  rate,  ms 
lied  to  each  other  at  llie  amue  angle.      Now  it  » 
tiuD,  thnt  this  invariabla  angle  18.180°,  bo  that  A 
tlott  of  Ih'.  firtt  ami  trtond  iatMiu>  u  a/way»  in  ti 

1  nfft)  from  tkr  ptajiel. 

slinll  now  SCO  the  reniartable  congequcnces  of  lliew 
•  pfTi'cIs  upon  tlie  mulua!  perturbations  of  the  sa(dl 
i.    Kfftett  of  thfjr  miilual prrfiiriulinns  upon   the  ^ 

JOVUK  THEORT. 


615 


I  in  tfonjanctioD,  the  ecoenlrioitj  of  the  disturbed  orbit  varieB,  if  , 
I  line  of  apMdcs  be  inclined  to  that  of  conjunction,  and  is  only 
-ariuble  wlien  Lbeae  lines  coincide.  Nov,  iu  tiie  present  cnse,  the 
«DtTieities  of  tbe  disturbed  orbits  are  subject  to  no  Tariution ;  and 
follows,  consequently,  (hat  tbe  lines  of  apsides  of  the  disturbed 
lita  must  always  coincide  with  the  lines  of  conjunclion. 
3239.  Po>ifiot>$  of  the  ptrijovft.  and  opojove*  of  the  three  orhlh. 
But  litis  being  admitted,  the  apfiidea  may  be  presented  in  either 
two  opposite  directioDS.  If  we  cousider  s'  as  disturbed  by  s", 
her  tbe  perijove  or  apojove  of  b'  (as  tbe  apsides  of  tbe  satellites 
)  ailed,)  may  be  in  conjunction  with  b".  It  results,  however, 
im  what  has  been  proved,  that  if  the  perijove  be  in  conjunction, 
e  disturbing  force  of  a"  will  render  tbe  apsides  of  s'  regressive, 
d  if  tbe  apojove  be  in  conjunction,  it  will  render  that  motion 
Dgi«Bsive.  But  since  the  motion  of  the  apsides  of  s'  is  regressive, 
a  perijove  must  be  in  conjunction. 

If  we  consider  s"  disturbed  b;  e',  wc  have  tbe  case  of  an  exterior 
iturbed  body,  the  latter  being  at  a  distance  from  the  centre  greater 
than  half  that  of  the  ext«rior  body.  In 
this  case,  the  motion  imparted  to  the  ap- 
aidea  of  b"  would  be  progressive,  if  s'"s 
perijove  were  io  conjunction,  and  regressive 
if  its  apojove  were  in  that  position.  But 
e  tbe  mo^on  of  the  apsides  is  actually 
y  regressive,  the  apojove  of  a''  must  be  in 
\  conjunction  with  a'. 

In  the  same  manner  it  may  be  shown, 
lat  in  coDsequenc  of  the  disturbing  forces 
lutnally  eserted  by  8"and  b'",  the  former 
/  must  be  in  perijove  and  tbe  latter  iu  apo- 
jove when  in  conjunction. 

By  combining  these  consequences  with 
the  relative  positions  of  tbe  Hoes  of  con- 
junction of  8*  s"  and  of  s"  s'"  already  in- 
dicated (3235),  it  will  be  apparent  that 
tbe  perijove  of  s*  and  tbe  apojove  of  s", 
when  b'  and  s"  are  io  conjunction,  are  in 
opposition  with  tbe  perijove  of  b"  and  tbe 
apojove  of  s'",  when  s''  and  b'"  are  in  con- 
inotion,  so  that  the  relative  position  of  the  three  orbits  io  tbia  case 
that  which  ia  represented  in  fig.  855,  whore  p'  is  the  perijope, 
id  a'  the  apojove  of  e',  p"  and  u"  those  of   b",  aod  p'"  and  a'" 

8240.  Value  of  the  eccentru-ifj/. — Since  the  motion  of  tbe  apsides 
id  the  eocentrioity  are  exclusively  duo  to  the  disturbing  force, 
hidi  in  this  case  is  fiven,  the  constant  valaft  (^  tia«  %qqwNx\«A.'3 


Fig.  8SS. 
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penil  on  tbe  motion  of  the  apsidex,  that  tbe  ImtWWy 
ftirmer  nmy  be  determined.     Now,  the  regresBive  IttMJMi 
des  bpiiig  exactly  equal  to  ihat  of  the  line  of  canJBBfiftH 
und  therefore  tbe  value  of  tbe  ecceotricity  can  be  iOa- 

eotricity  which  thus  arises  eiclusively  from  the  agencT 
urbing  forrce,  tbo^igh  less  than  the  ecccDtriciiiea  of  iho 
d  orbiia  of  the  planets  generally,  is  neTerthcless  nol  id- 
c,  exceeding,  for  esampte,  that  of  the  orbit  of  Veoos, 
Rrmnrkahte  precision   in  the  falfilmcjil  of  thete  lam.^ 
arkable  laws,  of  which  there  is  no  other  exuuple  in  tiii 
ro,  are  fulGilcd  with  such  predaioo,  that  in  the  thousand) 
ons  of  the  BBlellit«s  which  have  taken  place  aince  their 
not  the  Btnallest  deviation  from  tbem  has  ever  been  oV 
eept  such  as  has  arisen  from  the  alight  ellipticity  of  th* 
<i   orbit  of   the  third  snlellite.      The   greatest   and  most 
erturbatiooB  of  the  planet  or  iho  satellites,  provided  ihej 
gradually,  do   not   interrapt  the  p!aj  of  tbesa   laws,  nor 
n  reialioo  of  the  motions  resulting  from  them.     The  effort 
ing  medium   will  not  nfTtct  ihem,  though  each  of  these 
uld  iiller  the   motions  of  all    tbe  satellites,   and   iboueh 
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being  that  of  an  interior  upon  an  exterior  body  (3180),  has  on  the 
whole  the  effect  of  increasing  the  efiPective  attraction  of  the  central 
body ;  and  this  effect  is  chiefly  due  to  the  action  when  s"  and  s'" 
are  at  or  near  the  line  of  conjunction;  consequently,  where  that 
line  is  near  the  perijove  of  s""s  undisturbed  orbit,  the  disturbing^ 
force  of  s"  is  most  effective,  and,  as  that  line  revolves,  the  angle 
under  it  and  that  of  the  apsides  of  s'"*8  undisturbed  orbit  continu- 
ally varying,  the  effect  of  s"^s  disturbing  force  alternately  increases 
and  decreases.  This  is  attended  with  an  irregularity  in  the  major 
axis,  and  consequently  in  the  mean  motion  of  s"'  which  depends  on 
its  synodic  position. 

The  disturbing  force  of  an  exterior  exerted  on  an  interior  body 
tends,  on  the  whole^  to  diminish  the  effective  attraction  of  the 
central  body  (3177).  It  follows,  therefore,  that  s"'  exerts  upon  s" 
a  disturbing  force  which  produces  an  irregularity  depending  on  the 
synodic  position  of  the  perijove  of  8""s  undisturbed  orbit. 

Each  of  the  small  inequalities  noticed  above,  depending  on  the 
eccentricity  of  s^^s  undisturbed  orbit  reacting  on  the  other  satellites 
s'  and  8",  produce  corresponding  small  inequalities,  which  if  at- 
tempted to  be  introduced  in  the  general  theory  of  the  system  would 
render  it  extremely  complicated.  %  Their  almost  infinitely  small 
amounts,  however,  render  them  comparatively  unimportant. 

3243.  Perturbations  of  the  fourth  satellite.  —  The  theory  of  the 
perturbations  produced  and  sustained  by  the  fourth  satellite  s''"  has 
nothing  in  common  with  that  of  the  three  others,  inasmuch  as  no 
such  remarkable  commcnsurability  prevails  between  its  mean  motion 
and  those  of  the  others.  As  it  sustains  small  inequalities  froin  the 
action  of  the  sun  similar  to  the  lunar  disturbances,  so  it  also  pro- 
duces and  sustains  a  system  of  inequalities  analogous  to  those  of  the 
planets.  Thus  this  satellite  s"''  presents  at  once  an  example  on  a 
small  scale  of  the  application  of  the  principles  of  both  the  lunar 
and  the  planetary  theories. 

To  explain  the  theory  of  the  fourth  satellite,  we  shall  first  suppose 
that  the  undisturbed  orbit  of  s'^'  is  circular,  while  that  of  r""  has  a 
sensible  eccentricity.  We  shall  assume  (what  will  be  more  fully 
explained  hereafter)  that  a  slow  progressive  motion  is  imparted  to  its 
apsides  by  the  spheroidal  shape  of  Jupiter,  this  motion  being  such 
that  the  apsides  make  a  complete  revolution  in  about  11,000  revo- 
lutions of  8"". 

Owing  to  the  periods  not  being  nearly  commensurable*  like  those 
of  the  inner  satellite,  the  line  of  conjunction  of  s'"  and  s""  will,  after 
a  few  hundred  revolutions  of  the  satellites,  have  assumed  every 
possible  direction.  Now,  since  the  mutual  disturbing  action  of  the 
two  satellites  is  greatest  when  the  perijove  of  s""  is  at  or  near  con- 
junction, the  question  is  what  wiU  be  the  form  of  orbit  that  will  bo 
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s'"  by  the  dislnrhing  force,  subject   to  the  Conilifi« 
Jntripity  being  invariable. 

vijent,  from  all  tbut  bas  been  explained,  that  it  the 
'  be  in  conjunction,  the  disturbing  force  of  a""  will 
lipsidcs  to  TPgrefis,  and  the  rate  of  this  regression  will  be 
the  ccppiitricity  is  sraaller  (3151).  It  may  thcretare  be 
neulriilize  the  progressive  motiou  which  is  imparted  U 
s  by  the  spheroidul  thape  of  the  central  planet,  and  there- 
IS  to  render  tbo  actual  progressive  motion  of  6""9  apsidM 
phat  s""'s.  But  the  motion  of  s""'a  apsidcB  will  be  aUo 
]iigh  in  a  very  alight  degree,  by  the  action  of  ^''  in  tbt 
in,  and  will  receive  from  that  action  a.  small  increase  d 
Lve  motion. 

c  increased  progressive  motion  of  the  line  of  apsides  of 
lifl  to  the  diminiahed  progressive  motion  of  the  line  trf 
"',  this  state  of  iho  system  will  be  permanent,  and  thai 
ivo  motion  of  the  apsides  of  s""  will  be  somewbit 
lod  the  orbit  of  s'"  will  Iirvo  a  compression  correspond- 
;iion  to  the  perijove,  and  an  elongation  in  the  same  diree- 


apojo 


e  of  e,"" 


e  have  assumed  that  the  nndisturbcd  orbit  of 
Isutellitc  is  circular,  but  similar  effects  will  ensue  if  it  have 
■■centricity. 

?xt  suppose  that  the  undisturbed  orbit  of  E;""iacircnUr,wbila 
EiBs  a  smalt  eccentricity.     The  disturbing  force  trill  be  the 
apojovo  of  s'",  and  this  will  cause  the  line  of  apsides  of 
;  that  is  to  say,  it  will  increase  the  progrcssivi 
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reference  to  undisturbed  circular  orbits  will  be  equally  applicable  to 
them. 

Besides  the  eccentricitj  of  the  undisturbed  orbit  of  s"''^  it  has 
also  an  eccentricity  impressed  upon  it  by  the  disturbing  force,  oppo- 
site in  kind  to  that  of  8""s  orbit;  and  besides  the  eccentricitj  of 
the  undisturbed  orbit  of  s'",  it  has  impressed  upon  it  an  eccentricity 
of  the  same  kind  as  that  of  s''". 

In  the  same  manner^  the  orbits  of  s'  and  s''  have  small  eccen- 
tricities impressed  upon  them^  similar  in  their  kind  to  those  of  s''' 
and  8"". 

3244.  Complicated  perturbations  of  this  system. — The  inequali- 
ties which  have  been  here  briefly  noticed  as  produced  in  the  Jovian 
^  system,  by  the  mutual  perturbations  of  the  satellites,  and  which  hre 
only  the  principal  inequalities  of  this  system,  are  so  closely  connec- 
ted, and  so  completely  entangled,  that  though  they  admit  of  being, 
for  popular  purposes,  explained  under  the  point  of  view  here  pre- 
sented, it  would  not  be  possible  to  reduce  them  in  this  way  to  com- 
putation ;  a  mathematical  process  of  the  most  abstruse  kind,  which 
would,  at  the  same  time,  include  the  motions  of  all  the  four  satel- 
lites, would  alone  be  sufficient  for  this  purpose. 

Enough,  however,  has  been  done  if,  in  what  has  been  said  above, 
%  general  idea  may  be  obtained  of  the  theory  of  these  disturbances 
in  the  most  curious  and  complicated  system  that  has  ever  been 
reduced  to  calculation."^ 


CHAP.  XXIII. 

THEORY  OP  PLANETARY  PERTURBATIONS. 

3245.  The  theory  simplified  hy  those  of  the  moon  and  the  Jovian 
system,.  —  The  investigation  and  solution  of  the  more  general  and 
complicated  cases  of  perturbation  presented  by  the  mutual  action  of 
the  planets,  will  be  greatly  simplified  and  facilitated  by  the  previous 
exposition  of  the  theories  of  the  moon  and  the  Jovian  system.  The 
inequalities  developed  in  each  of  these,  are  reproduced  in  very 
slightly  modified  forms,  in  the  case  of  the  planets.  Thus  the  ter- 
restrial disturbed  by  the  major  planets,  present  a  class  of  perturba- 
tions similar  to  those  of  the  moon  disturbed  by  the  sun.  In  both 
cases  the  disturbing  is  exterior  to  the  disturbed  body;  in  both,  the 
mass  of  the  disturbing  is  incomparably  greater  than  that  of  the 

*  We  are  indebted  for  the  substance  of  some  parts  of  this  chapter  to  the 
short  but  excellent  tract  on  Gravitation  by  Professor  Mt';;,  V,Q^\i\0^^^ 
T^er  readera  who  may  desire  farther  details. 
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a  botli,  the  disUnco  of  the  di^larbing  from  the  untrtl 

a   large  Tatin  to  tbut  of  ihc  disturbed  bodj;  sndifia 

I  tbcorj  the  di^m  of  tbo  disturbing  l)[>dy  bo  mucb  Urga 

e  case  of  (he  planets,  its  distaucci  from  the  disturbed  and 

ring  uIgo  n  much  larger  raiio  ta  tbe  dUUnra  4 

s  from  ench  other,  th«  iat<!ii9iL;  of  its  disturbiof;  fane  ii 

lugbt  iuto  closer  analogy  with  the  cases  referred  ta. 

L<:]ualilies  ioeidental  to  the  three  inoer  Batetiites  of  Jupiln, 

>a  tbe  near  commcnsurabilitj  of  their  periods,  bare  alia 

K  among  [he  perturbations  of  tbe  planets,  some  of  ilit 

irkable  of  ilio  planetary  inequulities  arising  from  the  ci^ 

llie  periods  being  very  nearly  in  tbe  ratio  of  irhale 

fill  presently  appear. 

ber  inequalities  produced  by  tbe  gravllalion  of  planet 
1  arc  analogous  to  those  found  to  prevail  between  tbe  outer 
|)f  Jupiter. 
Perlurhationa  of  (fie  ferrtslrial  hi/  the  mnjor  plavcU. — If 
0  of  the  terrestrial  to  bo  disturbtd  by  any  one  of 
I  pbncis,  it  'trill  be  easy  to  show  that  the  points  at  ivbick 
'iinet  and  the  sua  are  equiJislant  from  tbe  disturbing 
whith,  thcrefcrc,  the  taugential  component  of   the 
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6j  tbe  application  of  the  same  process  of  investigation  as  that 
already  adopted  in  the  case  of  the  lunar  theory,  it  will  he  found 
that  the  points  Pj,  P3,  P^,  and  p'l,  will  have  positions  very  nearly  the 
same  as  those  assigned  to  them  in  the  case  of  the  moon. 

It  follows,  therefore,  that  the  several  vanishing  points  of  the 
components  of  the  disturbing  force,  on  the  position  of  which  the 
BQCcessive  phases  of  the  perturbations  so  mainly  depend,  are  dis- 
tribated  around  the  synodic  orbit  of  the  terrestrial  planets  as  dis- 
tnrbed  by  the  major  planets  in  a  manner  similar  in  all  respects,  to 
the  corresponding  points  in  the  lunar  theory  and  periodical  inequali- 
ties, are  accordingly  developed  in  a  like  order  and  of  a  like  character, 
differing  only  in  their  limiting  magnitudes  and  the  lengths  of  their 
periods. 

Thns  the  disturbed  orbit  is  less  curved  at  0  and  o,  and  more  so 
at  PjiQ  and  P'aO',  than  elsewhere,  so  as  to  acquire  an  oval  form, 
placed  with  relation  to  the  line  c  o  similarly  to  that  of  the  moon, 

i3196).  Its  curvature  at  c  is  more  flattened  than  at  o,  (3198). 
nequalities  aflecting  the  place  of  the  planet  in  approaching  to  and 
departing  from  syzygies,  result  from  this,  similar  to  the  moon's  vari- 
fttion,  parallactic  inequality,  and  annual  equation. 

The  line  of  apsides  is  aflfected  with  a  motion  alternately  progres- 
rfve  and  regressive,  but  on  the  whole  progressive  (3215).  The 
disturbed  orbit  is  rendered  a  little  more  eccentric,  when  this  line  is 
in  quadrature  than  when  it  is  in  syzygies.  The  effect  of  the  dis- 
turbing force  on  the  whole  is,  as  in  the  case  of  the  moon,  to  diminish 
the  efl^ective  central  attraction,  and  therefore  to  enlarge  in  a  slight 
iegree  the  orbit;  and  this  effect  is,  of  course,  somewhat  greater 
when  the  disturbing  planet  is  near  perihelion,  while  the  disturbed 
planet  is  near  aphelion. 

It  must,  nevertheless,  be  observed,  that  these  and  other  like  peri- 
ddical  inequalities  arising  from  similar  causes,  are  not  only  smaller 
Incomparably  in  magnitude,  taken  within  their  extreme  limits,  and 
slower  in  their  rate  of  development,  than  in  the  case  of  the  lunar 
perturbations,  but  that  their  absolute  limits  arc  so  extremely  narrow, 
that  it  is  only  those  which  are  due  to  the  predominant  mass  and 
greater  proximity  of*  Jupiter,  which  are  productive  of  effects  great 
enough  to  be  appreciable  by  common  observations. 

8247.  Cases  in  which  the  disturbing  is  in  closer  proximiti/  with 
the  disturbed  planet.  —  In  such  cases  the  same  close  analogy  to  the 
lunar  inequalities  does  not  prevail.  Nevertheless,  even  when  the 
iisturbing  planet,  being  exterior  to  the  disturbed,  lies  in  compara- 
tively close  proximity  with  it,  several  of  the  inequalities  manifested 
in  the  lunar  motions,  may  still  be  recognised  in  a  modified  form. 
The  vanishing  points  of  the  components  are  somewhat  differently 
iistributed  in  relation  to  the  lines  of  syzygy  and  quadrature.  The 
points  pg,  jp^g  of  equidistance  from  the  disturbing  \>o^^  x%«5sA<^  i\Qi\a 
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'  and  flppronch  llie  point  c  of  conjunction,  ami  '81 
nU  of  the  rndial  c-wnponenla  r,  p",  approach  conjd 

1  to  increase  it  near  P,  and  i-'p     Tlie  general  eSea 

dimioisb  the  effective  central  altraction,  sud  conaeq 

(he  orbit  of  tho  disturbed  planet. 
Vote  in  tchicK  l/u;  diiturbiitg   u  trithin  the  orM, 
ptaHtt.—ln  these  caaes  the  general  effect  of  ibe  iU 

be  traced  without  difficulty,  by  the  method  eipla; 

In  these  cnscs  the  general  effect  of  the  diatnrbing  i 
nl  Ihe  c-fTective  ccntml  attraction,  and  coDscqufi 
.he  loagnitudo  of  the  Orbit  of  the  disturbed  planet 

■e/ation  to  the  line  of  conjanction.  — In  the  genetm 

f  the  planetary  perturhatians  it  is  necessary  to  c 
tffect  produced  by  tho  dieturbing  force  to   each  1 

will  necesEBrily  depend  on   the  position  of  the 
n  reluiion  to  tbe  lines  of  nodes  and  apsides,  and  w. 
posilioQ. 

orbiis  of  the  disturbing  nii<l  disturbed  planets  wei 
iHiM^oramoiMihjnp^li^ff^cUjroducoj^^b^l^ 
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iDcliocd  to  tbe  lines  M  s  aod  PS  would  be  always  tbe  Game.  All 
the  conditions,  therefore,  which  can  affect  the  intensity  and  direction 
of  the  disturbing  force,  would  be  ubsoiulclj  ideiiticul ;  and  it  follows 
consequently  that,  do  matter  what  may  be  the  directions  of  the 
lines  of  ej«ygy  and  quadrature,  the  disturbing  force  during  each 
Bjaodio  reToIution  would  pass  through  precisely  the  same  obangca 
M  intensity  and  direction,  and  coDsequcndy  produce  precisely  the 
Mine  effects  npon  the  orbit  of  the  disturbed  plunct. 

If,  hoveTer,  tbe  orbits,  being  still  in  a  coinmon  plane,  be  either 
or  both  of  them  ellipses,  the  same  identity  of  effects  of  the  dis- 
Ijirbing  force  during  a  synodic  revolution  will  no  longer  prevail. 

Xiet  it  first  be  supposed  that  tbe  orbit  of  tbo  disturbing  planet  si, 
fgt.  859,  860,  is  circular;  niid  that  of  (be  disturbed,  ellipticol. 
Let  p  be  the  point  of  peri  he  I  ion,  and  a  that  of  aphelion,  ;/  and  a' 
being  tbe  places  of  m  corresponding  to  these  points ;  and  let  m,  n 
be  tbe  points  at  right  angles  to  p,  vi'  and  n'  being  the  corresponding 
poeitions  of  m. 


Fig.  8Sfl. 


Upon  comparing  tbe  varying  difLtnce  of  M,  whether  it  be  outside 
the  orbit  of  P,  as  represented  io/j-  85!>,  or  within  it,  as  represented 
in/j.  860,  it  will  be  evident  that  the  effects  of  the  disturbing  force, 
during  a  synodic  revolution,  will  be  subject  to  a  variation  with  the 
varying  angle  formed  by  the  radius  vector  M  8  of  the  disturbing 
planet  with  the  direction  p  s  of  the  perihelion  of  the  disturbed 
planet.  Thus,  when  M,  being  outside  p's  orbit,  is  at  a',  it  is 
evident  that  its  distance  from  P,  in  any  proposed  synodic  position, 
will  be  much  less  than  its  distance  from  P  in  tbe  same  synodic 
positioD  when  m  is  at  p' ;  and  consequently  the  effect  of  the  dift- 
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ce  liuring  a  sjiiodio  revolution  when  m  is  at  a',  i^  mocb 
n  when  M  is  at  y ;  and  the  eaitif  msj  be  s&iU  of  «nj  ibo 
sitiona,  such  na  M  aod  k',  or  m"  and  m'",  lahidi  llie^ 
net  can  asEUme. 

vinuK,  tli(!  liko  DbHcrvnlions  are  applicable  to  tlw  EW 
1  in  Jig.  800,  in  uLich  M  is  wilhin  the  orbil  of  P. 

only  are  tho  effecU  of  the  disturbing  force  difieMfllJl 
uitude  nccordiog  as  tho  radios  vector  of  m  ukea  iSfflMg 
ith  relation  to  the  line  p  s,  but  they  arc  HbO  diSmmM 
lion.     Tho  position  of  the  ranishing  poitkts  i>t  t)i«  g^ 

the  dislurhing  force,  and  the  dislrihulion  of  the  wf^ 
lich  ibey  are  alternately  posilirc  and  negative  noitd  fta 

zyg;  and  quadrature ;   hat  the  eRcets  wbicfa   tlirae  com- 
oduce  upon  the  different  elemenls  of  the  tllipUc  orbii  of 
upon  the  position  of  these  several  area  with  relation   lo 
apsides.     In  some  posilionB  the  effect  of  the  dtstiu-bing 
uomplete  synodio  revolution,  will  be  to  augment,  in  others 
h,  one  or  other  eiemetit;  and  in  positions  in  which  the 
enta  are  augnieuled  or  diniiiushcd,  they  will  be  augmented 
hed  in  different  degrees,  according  to  the  angle  which  ihe 
junction  (that  is,  tho  line  passing  through  p  and  M  when 
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during  eaoli  inch  revolntioii, 

will  Tuy  with  the   snglc  iX 

I  which  the  line  of  conjanction 

noliDed    to    the    line   of 

luodea. 

It  will,  therefore,  Iw  appti- 
I  rent  that,  in  each  position 
I  which  the  line  of  oonjuaation 
naj  aasnrae  with  relation  aa 
irell  to  the  line  of  apsides  as 
U>  the  line  of  nodes,  the  dis- 
turbing force  will,  in  each 
syoodia  revolation,  produce  a 
certain  change,  either  by  pro- 
gression or  regressioa,  by  in- 
crease ordiminntion  intheele- 
nents  seTerally  of  the  disCorbed  orbit,  the  nngnitude  of  which  will 
iepend  on  sucn  position,  so  as  to  be  always  the  same  for  the  same  poei- 
toD,  but  generally  different  for  different  positions;  and  when  such 
KKitiona  are  in  extreme  opposition,  the  effects  of  the  elements  Beve- 
ally  are  often  also  contrary  in  their  character,  bo  u  mntually  to 
lesrroy  or  (ympensate  each  other  either  wholly  or  partially,  the  pro- 
;ressioD  or  increase  resulting  from  the  effect  of  the  distarbing  force 
n  one  position  being  compenHsted,  wholly  or  partially,  bj  an  equal 
>r  nearly  equal  regression  or  decrease  in  the  opposite  posiUon  of  the 
ioe  of  conjunction. 

It  fbllowB  from  this  that,  if  the  motiooa  of  two  planets  were  so 
«lated  that  the  line  of  conjunction  should  always  have  the  same 
Meition  with  relation  lo  the  lines  of  apsides  and  nodes,  the  effect  of 
he  distarbing  force  on  each  of  the  elements,  in  each  synodic  revo- 
ntioD,  would  be  always  the  same ;  and  the  consequence  would  be 
hat,  after  the  lapse  of  a  considerable  number  of  such  reTolutiona, 
ihe  changes  produced  in  each  revolution  accumulating,  an  alteration 
a  tii6  form  and  position  of  the  disturbed  orbit  would  be  produced 
a  great  as  completely  to  disturb  the  physical  conditions  of  the  planet 
md  derange  the  harmony  and  order  of  the  system. 

But  even  though  the  place  of  the  line  of  conjuoction  should  not 
>e  Hgoroiisly  the  same  after  each  successive  syuodio  revolation,  if 
lerorthelesa  it  be  subject  only  to  a  small  change  of  position,  it  is 
irident  that  the  change  in  the  character  and  magnitude  of  the  effects 
if  the  distarbing  force  on  the  elements  will  bo  proportionally  small; 
md  that,  therefore,  such  effects  will  continue  to  accumulate  and  to 
ingment  the  variation  of  each  of  the  elements  of  the  disturbed 
irbit  in  the  same  direction,  until  by  the  long  continuance  of  the  slow 
:bange  of  poailion  of  the  line  of  oonjunction,  that  lioe  at  \%^^^ 
ibifti  jtt  iirootioa  ao  Ma  to  tale  up  %  position  in  wtic\i  &  cwArwj 
ni.  63 
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be  produced  upon  the  elcmenta.  The  TBriktioii  of  tk<e 
ihen  cbnnge ;  what  was  prewuslj  increspe  will  bewuce 
nd  ficp  ttnd;  and   ihia  will  oontinuo  unlil  the  line  of 

D,   flill   slowly   shifting   iu   poBitinti,  sgain   rceoniM  tha 

iivouruble  to  the  former  change  of  the  elements. 

rasnaer  iuiquBlitics  may  be  prodaoed,  of  which  the  period 

aralion  of  the  disturbiog  and  diaturhed   planetm,  ai««tiU 
!.Dd  not  lecu/ar  varialbns,      Slooe,  however,  the  madinia 
e  of  cotijuQciion  on  which  they  depend,  are,  id  all  tba 
hia  class  prescnled  in   the  iolar  syBtem,  eitremely  bIc", 

ratted  ihan  ihosc  which  nrise  from  the  vnryiog  Ejnodio 
of  (he  dislurhed  and   disturbing  planets,  they  have  been 

ed  by  BSfroDomera  a?  the  " /onj  WyT/a/jViVe;"  and  the 
of  some  of  them  by  theory,  before  tbeir  detection  by  ob- 

hos  constituted  one  among  the  many  trinmpha  of  pby«ico- 

Ifllioii  of  dttermininy  the  ehange  of  Jirixlion  of  the  Unt 
lion.  —  From  all  that  has  been  just  explained  it  will  be 

PLANBTABT  PBRTURBATI0N8.  (ttT 

tt  — ^  (2668),  the  angle  f,  which  it  d«Mribei  ia  the  time  T,  will  bo 

P'  F  —  P 

This  IB,  then,  the  angle,  mearartd  in  the  dinotion  of  the  planet's 
■otioBi  through  which  the  line  of  ooigQBotian  adfanoea  in  each 
qnodio  revelation. 

8261.  OondiHon  under  vhtch  the  direetifm  of  Ae  Hne  of  con- 
Jmmeium  u  invariable. —  If  the  lino  of  ooi^anetioa  haa  always  the 
nne  direotion,  it  ia  evident  that  in  a  sjnodio  revolndon  both  planets 
nut  bave  made  a  complete  namW  of  reyolatiooa»  and  eonse- 
qneatly  the  angle  f  must  cither  be  860°  or  some  exact  maltiple  of 
860*.  If  t  =  360°  we  shall  have  p  =  p^—  p  (2548),  and,  there- 
fore, p^  =  2  P.  In  that  case,  while  the  exterior  planet  makes  a 
aingle  revolation,  the  interior  makes  two;  so  that,  after  each  revo- 
Intioa  of  the  exterior  planet,  the  two  planets  come  into  conjunction 
always  at  the  same  point  In  this  case  it  is  evident  also,  that  the 
aynodic  time  is  equal  to  the  periodic  time  of  the  exterior  planet. 

If  ^  «s  2  X  860°,  we  shall  have  P  =  2  p'  —  2  p,  and,  therefore, 
8  P  s=  2  p^.  In  that  case,  while  the  exterior  planet  makes  two 
ooraplete  revolutions,  the  interior  makes  exactly  three,  and  the 
synodic  period  ia  equal  to  twice  the  periodic  time  of  the  exterior 
planet 

If  t=i=3  X  360°,  we  shall  have  p=3p'  — 3p,  and,  therefore, 
4  P  =  8  p^.  In  that  case,  therefore,  the  conjunctions  are  reproduced 
at  the  same  point,  after  every  three  complete  revolutions  of  the 
exterior  planet 

In  general,  if  t  =  «  X  360°,  P  =  n  X  p'  — n  X  P,  and,  there- 
fore, (n-f-l)XP  =  nXp',  and  the  conjunctions  are  reproduced 
conataotly  at  the  same  point,  after  n  revolutions  of  the  exterior,  and 
»  -^  1  revolutions  of  the  interior  planet. 

The  general  condition  on  which  the  line  of  conjunctions  shall 
have  one  invariable  position,  therefore,  is  that  the  periodic  tiroes  of 
the  two  planets  shall  be  such  as  can  be  exactly  expressed  by  two 
whole  numbers,  of  which  the  greater  exceeds  the  less  by  1,  such  as  1 
and  2,  2  and  8,  8  and  4,  &c. 

8252.  7\)  determine  the  condition  under  which  the  line  of  con* 
junction  ihall  have  a  limited  nvmber  of  invariable  positions, — 
Although  the  conjunctions  may  not  be  always  reproduced  at  the 
saine  point,  they  may  take  place  invariably  at  two,  three,  or  more 
fixed  points. 

If  t  s  180°,  they  will  take  place  invariably  at  two  points  which 
are  diametrically  opposed  to  each  other.  In  that  case,  we  shall  have 
2p  =  p^  —  P  ^250),  and,  therefore,  p^  =  3p  and  t  =  {p'.  To 
oomprehesd  the  motioDB  of  the  planets  in  tbia  oaae^  \^\i  i;  %.\A  'V 
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in  iny  proposed  number  n  of  fixed  direedonsy  it  will  be  neoesrary 
that  tbe  period  p^  shall  be  exactly  n  +  1  times  the  period  p.  In 
that  ease  the  synodic  time  t  will  be  n  times  p^;  and  the  fixed  direc- 
tions in  which  the  conjunctions  will  succeed  each  other,  will  divide 
the  droamference  into  equal  arcs  or  angles,  the  magnitude  of  which 

n 
82M.  Effeet9  of  the  ditturbing  force  %n  catn  of  c^mmemKrahie 
periodi.  -^  It  follows  from  what  has  been  explained  (8249),  that  in 
loch  eases  the  ofieots  of  the  disturbing  force  woiud  accumulate 
indefinitely,  without  compensation  or  wi&  impeifeet  compensation, 
through  an  indefinite  succession  of  synodic  revolutions.  If,  for 
example,  P^s=  2  P,  and  therefore  the  conjunctions  would  always  take 
pkoe  in  tbe  same  line,  the  line  of  conjunctions  being  always  inclined 
to  the  line  of  apsides  at  the  same  angle,  the  efiect  of  the  disturbing 
ibroe  on  the  several  elements,  in  a  synodic  revolution  would  be  always 
exactly  the  same,  and  would,  therefore,  accumulate  indefinitely  from 
revolution  to  revolution. 

If  F^=  3  p,  the  lines  of  conjunction  would  have  three,  and  only 
three,  different  positions  in  relation  to  the  line  of  apsides;  and 
although  the  efiects  of  the  disturbing  force  in  a  synodic  revolution 
in  these  three  positions  would  be  different,  and  some  of  them  would 
necessarily  have  contrary  signs,  and  would  produce,  therefore, 
more  or  less  compensation,  such  compensation  would  be  imperfect ; 
nnd  after  each  series  of  three  conjunctions,  a  reajdual  inequality 
would  remain,  affecting  each  of  the  elements  which,  as  before,  would 
■oeomulate  indefinitely  during  an  indefinite  succession  of  synodic 
revolutions. 

In  the  same  manner,  if  p'  were  any  other  exact  multiple  of  p, 
the  series  of  conjunctions  which  would  take  place  in  the  directions 
of  the  fixed  lines  dividing  the  circumference  into  equal  parts 
would  still  be  imperfectly  compensatory,  and  residuol  quantities 
wonld,  as  before,  remain  uneffaocd,  which  would  accumulate  indefi- 
nitely. 

In  order  that  the  conjunctions  should  take  place  always  in  cer- 
tain fixed  directions,  it  is  not  necessary  that  the  periodic  time  of  the 
exterior  planet  should  be  an  exact  multiple  of  that  of  the  interior. 
The  same  will  happen,  if  any  exact  multiple  of  one  of  the  periods 
be  exactly  equal  to  an  exact  multiple  of  the  other,  or  in  other  words, 
if  the  periods  be  commensurable.  Thus,  if  2  f^=  5  p,  it  is  evident 
that,  counting  from  the  epoch  of  any  one  conjunction,  another  will 
arrive  in  exactly  the  same  place  after  every  two  complete  resolutions 
of  B,  and  every  five  of  I.  But,  between  these  others  will  take  place 
at  fixed  intermediate  positions,  for  we  should  have 

63* 
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V             2         2 
P'  —  P       6-2       3' 

f  =  360"  X  1  =  240". 
3e,  the  liaea  of  conjunction  would  be  distrilrated  in  IIm 
Qcr  as  when   P*  =  4  P,  but  the  conjunctions  woold  not 

e  in  tlic  line  8 1"  k",  and  the  third  of  the  icriea  would  tike 
be  line  6\' tl ;  tbe  fourth,  or  the  firet  of  the  next  Mtio, 
sx  in  the  line  a  tE. 

suing  this  method  of  reosoniog,  it  will  be  easily  seen  thai, 
s  io  nbich  the  periods  of  the  two  piaoeta  would  be  in  ibe 
0  of  two  whole  Dunibcra  m  nod  n,  tbe  conjunctions  woaid 
succeed  caob  other  ia  Detlaio  fixed  lines.     W'n  sboold,  in 

p-       m         p               n 

P         n'   P*  — P        m  — Fi' 

fluently, 
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Sappose,  for  example,  that  in  ihe  case  of  exact  commensaTabilitj 
the  positions  of  the  lines  of  conjunction  after  each  series  of  three 
Bjnodic  revolutions  were  8 1 E,  sfif,  and  s  i''  if',  as  represented  in 
Jig.  863,  and  suppose  that  the  deviation  of  the  periods  from  exact 
commensnrabilitj  is  such  that  the  second  conjunction,  instead  of 
taking  place  at  e',  shall  take  place  at  of.  If  o^'  s^'  =  2  a' s',  the 
third  conjunction  frill  take  pboe  at  o^;  and  if  so^''  =  Zifa',  the 
next  oonjuncdon  will  take  place  at  a^",  and  so  on. 

I^  then,  the  distance  a' s'  be  very  small,  which  it  will  be  if  the 
pMiods  are  very  nearly  commensurable,  the  lines  of  conjunction, 
tiboogh  not  rigorously  in  fixed  directions  will,  fiir  a  oondderable 
number  of  successive  synodic  revolutions,  crowd  about  those  fixed 
dinxstions  which  they  would  have  rigorously  assumed  if  the  com- 
menaurability  had  been  exact,  and  durine  that  interval,  which, 
when  the  synodic  time  is  of  much  length,  will  be  of  great  duration, 
nearly  the- same  inequality  will  be  produced  by  the  want  of  com* 
penaation  in  the  eflects  of  the  disturbing  force  as  if  the  directions 
of  the  line  of  conjunction  were  fixed. 

But,  however  small  the  advance  a'  "if  of  the  line  of  conjunction 
in  each  synodic  revolution  may  be,  its  continued  accumulation 
through  a  long  succession  of  synodic  revolutions  will  carry  that  line 
at  length  round  the  whole  circumference,  causing  it  in  slow  but 
regular  and  inevitable  succession  to  take  all  directions  with  relation 
to  the  lines  of  apsides  of  the  two  orbits.  When  it  has  made  half  a 
revolution,  or  revolved  through  180°,  it  will  have  precisely  the 
opposite  position  with  relation  to  these  lines,  and  the  disturbing 
fime  will  produce  contrary  effects  upon  the  elements  of  the  dis- 
turbed orbit;  and  while  the  line  of  conjunction  revolves  through 
the  other  half  revolution,  the  disturbing  force,  for  like  reasons,  pro- 
daces  m  series  of  effects  on  the  elements  which  are  the  opposite  to 
thoee  it  produced  during  the  first  half  revolution. 

3255.  Long  tnegualiHes,  —  Hence,  obviously  arise  a  group  of 
inequalities,  affecting  the  elements  severally  of  the  disturSed  orbit, 
the  periods  of  which  will  correspond  with  the  revolution  of  the  line 
of  conjunction. 

What  has  been  said  of  the  varying  position  of  the  line  of  con- 
junction in  relation  to  the  line  of  apsides,  will  affect  the  inequalities 
of  the  major  axis,  the  motions  of  the  apsides,  and  the  eccentricity. 
The  varying  position  of  the  same  line  with  relation  to  the  line  of 
nodes,  will  in  like  manner  affect  the  motion  of  that  line  and  the 
variation  of  the  inclination. 

Having  thus  explained  in  general  the  principle  which  determines 
the  sBoceasive  phases  of  the  long  inxqualitks  of  the  planets, 
we  ahall  now  briefly  xiotice  some  of  the  most  remarkable  of  these 
I^MQomeiui. 
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■etiee  of  inequalities  will  be.prodiieed  iipoo  the  deoMBli  cf  lltt  t«o 
orbits,  which  will  go  oa  increasiog  or  decrwring  lor  •  period  of  440 
jemrs,  and  will  undergo  the  eontrarj  TuktaoBi  deatMUg  or  m- 
creasiDg  during  the  succeeding  440  jtfyn- 

As  already  obscrredy  however,  it  nmoi  noi  be  aauMd,  m  this 
or  anj  like  case,  that  the  oompensatioD  prodoeed  bj  the  ooatrmij 
effects  in  the  two  intervals  is  neoesBarily  eomplete,  and  Ibat  tbe  ia- 
orease  effiu^  completely  the  decrease,  or  mice  veniL  Sodi  a  perfeet 
equilibrium  between  the  effects  of  the  pertmbationB  mdj  lakea 
paoe. 

8258.  lU  effect  upon  the  major  axii  and  periodt.  — One  of  tbe 
long  inequalities  resulting  from  this  relatioQ  between  tke  aean 
motions  of  the  planets,  affects  the  major  axes  of  their  orbits,  and 
oonsequently  their  periodic  times.      The  major  axis  of  one  orbit 
increases,  and  that  of  the  other  decreases,  continually  for  440  years, 
and  during  the  next  440  years  the  former  deereases  and  the  latter 
inereases.    The  consequence  of  this  is  that  the  mean  motion  of 
one  planet  continually  increases,  and  that  of  the  other  continually 
decreases,  during  periods  of  440  years.     Although  the  changes 
produced  upon  the  axes  from  this  cause  are  so  minute  as  to  be 
•oaicely  appreciable,  that  of  Saturn's  orbit  amounting  when  great- 
est to  only  the  1350th,  and  that  of  Jupiter's  to  the  8550th  part 
of  its  length,  the  effects  produced  upon  the  motions  of  the  planets 
are  very  considerable,  the  place  of  Saturn  being  affected  to  the 
extent  of  48',  and  that  of  Jupiter  to  2V.     The  greatest  inequality 
of  any  other  planet  does  not  iJTect  its  place  to  a  greater  extent  than 
V ;  and  those  which  are  within  Jupiter's  orbit  are  much  less  affected, 
being  never  removed  from  their  mean  place  by  so  much  as  half  a 
minute. 

3259.  It$  effects  upon  the  eccentrictticM,  —  It  appears  tbat,  during 
the  interval  in  which  the  line  of  conjunction  moves  ihroiigb  120^, 
the  eccentricity  of  each  of  the  two  orbits  increases,  attune  a  max- 
imum magnitude,  and  then  decreases.     The  effect  produced  upon  - 
tiie  planet  s  distance  from  the  sun  by  the  change  of  eccentricity  is 
much  more  considerable  than  the  effect  produced  by  the  change  in 
the  magnitude  of  the  major  axb.    In  the  case  of  Jupiter  it  amounts 
to  the  1230th  part  of  the  entire  distance,  and  in  the  case  of  Saturn 
to  the  314th  part. 

8260.  Effect  on  tKe  direction  of  th4  apnde$,  — The  effect  upon 
tho  motion  of  the  apsides  is  subject  to  a  like  period.  A  progresmve 
aMition  is  imparted  to  them  for  440  years,  and  a  remesive  motion 
Jbr  the  next  440  years.  Between  thia  motion  of  ue  apsides  and 
^lie  'variation  of  the  eccentricity  of  each  orbit,  there  is  a  nftownir) 
ipolation ;  the  ecoentricity  of  each  orlnt  having  ita  meaa'^n^na^^XAt^ 
%lie  progressive  or  rcgremre  modon  of  the  afm&ea^iaa  lUaJ^^AVua 
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a  Birive  at  iheir  mean  placoa.                                                      ' 
ng  m»«tuality  of  Jopiter  and  Salura  is  a  phenomenon  tt 
bic  historical  celebrity  and  interest,  owiog  to  the  tppuni 
Cj  ivhich   it  eiplaJDcd,  haviog  been  observed  long  befoR 
was  diwovered,  and  having  given  great  porplexity  to  » 
Ita  can™  was  demonBtrareJ  and  the  whole  chuidir 

Lo„ff  inequality  of  Kenw— Nctt  to  that  wh»b  has  ben 

nality  of  \^iius,  ariiiiug  from  the  ne&r  oommensnrabili:; 
riods  of  that  planet  and  the  Karth.     If  p*  ftnd  p  exfnW 

oJs,  wo  shall  hace  (2984,) 

^-11  — ¥-«-• 

p  exceeds  8  p'  by  0-004  p,  that  is,  by  the  250i.h  pwt  of?. 
rioine  the  value  of  f,  we  have 

=  yGO°  X  ^,^-5  ^  575-53'  =  570°  —  0-4:\ 
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to  whieh  oar  kaowledffe  of  the  planetary  motiona  has  be^  eanied 
bjr  the  application  of  Ue  prineiplea  of  the  theory  of  grayitatioa. 

3262.  Other  Jong  inegualiiies.  —  There  are  several  other  in- 
equalities of  this  class,  incidental  to  the  other  planets,  which  need 
aSij  be  indicated  here,  their  inyestigation  and  exposition  being 
mdselj  similar  to  these  already  explained.  Thus  in  the  case  of 
Jf  ercnry  and  the  Earth 

■o  that  the  one  period  is  but  a  little  more  than  four  times  the  other. 
This  produces  an  inequality  whose  period  is  about  seyen  years. 
In  the  case  of  Venus  and  Mercury  we  haye 


p         87  969 
In  the  case  of  Mars  and  Venus 

.  p'      686-979 


p       224-701 
In  the  ease  of  Uranus  and  Saturn 


=  3-057  =  8  +  0-057. 


Jf      80687      ,.^.      ^      ^^. 


In  the  case  d  the  Earth  and  Mars 

p^      686-979 


p  ""  365-256 


=  1-88  =  2  —  012. 


In  each  of  tiiese  oases  long  inequalities  are  produced,  the  periods 
of  which  may  be  determined  by  the  method  already  explained. 

8268.  Long  inequalities  of  the  nodes  and  inclination*  —  The 
yaria^on  of  the  motion  of  the  line  of  nodes  and  of  the  magnitude 
of  the  inclination,  consequent  upon  the  changes  of  position  of  the 
Una  of  conjunction,  in  all  cases  of  near  commensurability  of  the 
periods,  are  so  exactly  similar  to  the  changes  already  explained,  of 
the  line  of  apsides  and  the  eccentricity,  that  it  is  only  necessary  here 
to  obeerye  that,  mutatis  mutandis^  all  that  has  been  explained  of 
the  one  is  applicable  to  the  other. 

8264.  Secular  inequalities, ^^Tht  inequalities  noticed  in  the 
preceding  paragraphs,  have  been  exclusively  those  whose  periods  are 
determined  by  the  variation  of  the  relative  positions  oi  the  dis- 
torbiDg  and  disturbed  planets,  or  by  what  has  been  called  their  con- 
figuration ;  and  which  are  denominated  periodical  inequalities,  not 
beeaose  all  other  inequalities  are  not  also  periodical,  but  because  the 
periods  of  the  former  are  of  much  more  limited  ku^JlVi^  laoA.  «is«<^ 
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of  Ihe  limy  inpipialitia,  such  m  may  be  in  gcQeral  owi- 
in  the  limits  of  nstronomieal  records.      The  olhcr  dug  of 

s  nre  Ihose  which  are  from  the  continoal  dccurauliiion  of 
al   phenomena,  whicli  remain  on  com  pen  so  led  after  iti 
and  disturbed  bodies  bare  passed  through  all  their  phuea 
ation,  and  recommence  to  pass  through  a  like  seriea  of 

sitions;  these  are  the  secular  inequauties. 

'iet-ulur  c/miflanci/  of  the  major  axn. —  No  rwolt  of  tbc 
of  nialbemaliciana  in  physical  astronomj  has  excited  » 
so  just  an  admiration,  as  the  discorery  of  the  fact  that, 
be  major  axes  of  the  orbits  of  the  planeta  are  snbjeot  la 
odie.ll  variaiiuna,  which  cause  their  periodic  times  ttA 

ionn  to  oscillate  within  narrow  limits  roand  certain  cmu 

t  that  Ihe  mean  valuea  of  these  ajcs  are,  in  the  long  ma, 
iuvariahle  and  subject  to  not  the  slightest  TariatioD  froa 
and  cannot  he  subject  to  any,  so  lonf;  ns  the  solar  syatem 

erfcred  with  by  any  agencies,  save  those  which  h»Te  pUj 
bodies,  great  and  small,  which  compose  it. 
lortsnce  of  ihifl  theorem,  and  the  intereHl  with  which  in 
cmonslrntion  must   lie  reganied,  will  ho  uudcrstooii  wheo 
idcred   thut,  upon    the  mngnitude  of  the   major  axis  of 
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lan  it  wonld  be  in  the  absence  of  the  disturbing  force ;  bat  in 
)th  cases,  so^ong  as  the  mean  effective  central  attraction  remains 
16  same^  the  mean  value  of  the  major  axis  of  the  orbit  will  be  in- 
iriable. 

If  we  take  an  interval  of  time  so  great  that  each  of  the  planets 
ill  have  assumed,  with  relation  to  the  other,  everj  possible  rela- 
ve  position,  it  will  follow  that  the  mean  value  of  the  radial  com- 
^nent  of  the  disturbing  force  corresponding  to  any  proposed  point, 
,  of  the  orbit  of  the  disturbed  planet,  during  such  interval,  will  be 
kOnd  by  taking  a  mean  of  the  radial  components  of  all  the  disturh- 
ig  forces  exerted  by  the  disturbing  planet  in  all  the  points  M  of 
B  orbit  upon  the  disturbed  planet  at  the  proposed  point ;  for  at  one 
me  or  other  in  the  assumed  interval,  provided  it  be  sufficiently 
reaty  the  disturbing  planet  must  have  been  found  at  each  of  the 
ointa  of  its  orbit,  the  disturbing  planet  being  at  the  same  moment 
t  p.  If,  then,  we  imagine  the  radial  components  of  the  disturb- 
ig  force  exerted  by  the  planet  M,  at  each  of  the  points  of  its  orbit 
pon  the  disturbed  planet  at  the  point  p,  and  if  we  take,  the  mean 
r  all  these  components  by  dividing  their  sums  by  their  number, 
16  mean  will  bo  the  mean  value  of  the  radial  component  of  all 
le  disturbing  forces  exerted  by  the  disturbing  planet  upon  .the  dis- 
Dfbed  planet,  when  the  latter  was  found  at  the  point  p  during  the 
Bsumed  interval.  Now,  it  is  quite  evident  that  this  mean  value 
lUst  always  be  the  same. 

In  the  same  manner,  the  mean  value  of  the  radial  component  for 
very  other  position  of  the  disturbed  planet  may  bo  found,  and  it 
rill  be  apparent  that  the  mean  effect  of  the  disturbing  force  csti- 
lated  in  the  direction  of  the  radius  vector  at  each  point  of  the 
rbit  of  the  disturbed  planet,  is  always  the  same,  and  consequently 
be  effect  produced  by  this  component  on  the  major  axis  is  always 
be  same.  So  far,  therefore,  as  relates  to  this  component  of  the 
iflturbing  force,  the  mean  value  of  the  major  axis  taken  in  an  in- 
srval  of  time  so  great  that  the  two  planets  will  have  assumed  with 
elation  to  each  other  every  possible  position  in  it^  is  subject  to  no 
iltimate  variation. 

Secondly.  The  effects  of  the  tangential  components  are  most 
astly  explained,  by  considering  the  whole  attractive  forces  which 
be  disturbing  planet  exerts  upon  the  sun  and  upon  the  disturbed 
»lftnet.  It  will  be  remembered,  that  the  disturbing  force  exerted 
J  u  CD  P,  is  the  resultant  of  the  attractive  force  exerted  by  M  on  p 
nd  a  force  exerted  on  p,  equal  and  opposite  to  the  attractive  force 
rhich  M  exerts  on  s.  Now,  if  we  take  M  successively  at  every 
K>int  of  its  orbit,  and  find  its  attractive  force  on  s,  it  will  be  appa- 
ent  that  the  resultant  of  all  these  forces  directed  from  s  towards  M, 
rill  be  in  equilibrium^  and  therefore^  con^pensatory.  It  CoUqti^^ 
///.  54 


Ittint   tbe   fiircea   (H|ual   and   opposite    to  those  irbich  i 
.ct  on  p,  must  iiIbo  be  compensatory. 
I,  therefore,  only  to  investigate  the  total  effects  of  N 
I  p,  in   all   the   positions  which   the    two   bodies  ufl 


0  supposed  to  be  at  any  given  point  of  ita  orbit,  and  let  r 

everi/  point  of  ill  orbit.     Those  sre  positions  which  ire 

Lively  assumed  to  the  motions  of  the  two  bodies;  but  ifaej 

which  at  umie  times  in  the  assamed  interval  iheymtaf 

interval  ho  assunie-d  of  suffieicnt  length  ; 

:t  is  to  obtain  the  aggregate  eBect  of  tbe  fo 

interval,  tbe  order  in  which  they  are  exerted  is  immste- 

kv,  if  p  he  thus  supposed  to  make  s  complete  revoluiino     I 

ina  ita  position,  it  will  follow,  from  s  general  prio. 

Iihysics,  that,  when  it  returns  to  its  primitive  place,  after 

a  revolution,  it  will   have   exactly  the   same  orbital 

whcD  it  started  from  that  place.     It  fallows,  therefore, 

eeta  of  the  tangential  component  of  m's  attraction  in  »>■ 

I  it  during  ita  revolution  must  have  been  precisely  equal 

fcta  of  the  siimc  component  in  retarding  it.     Bat  it  has 

1  (3154.)  that  every  such  acceleration   produces  an  ia- 

every  euch  retardation  a  diminntioo,  of  the  major  uia 

t.     Il  follows,  therefore,  that  in  such  a  revolution,  tbe 

and  decrements  of  the  major  alia  would  be  ecjual,  and  a 

nipensation  would  be  effected. 

lili  be  trae  fnr  every  position  whatever  which  M 


nrbit,  and  it  will  therefon 


.  if,  whiU  a 
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be  remlised  in  the  actual  motions  which  have  been  here  shown  to 
take  place  in  the  supposed  motions. 

It  will  doubtless  be  objected  to  this  reasoning,  that  we  have  sup- 
posed each  planet  to  make  its  revolution  in  an  orbit  of  fixed  mag- 
nitude and  form,  without  allowing  for  the  displacement  which  the 
disturbing  force  itself  must  inevitably  produce  during  each  revolu- 
tion, whicby  though  very  small,  is  not  quite  inappreciable.  This, 
however^  has  been  taken  into  the  account  in  some  mathematical 
nsearcheS|  and  it  does  not  appear  to  affect  the  conclusion. 

What  is  true  in  this  reasoning  of  the  effect  of  the  disturbiug 
force  of  any  one  planet  upon  another,  will  be  equally  true  of  all 
the  planets,  primary  and  secondary,  on  that  other ;  and  it  may, 
therefore,  be  inferred,  in  general,  that  the  major  axes  of  the 
planetary  orbits  are  not  subject  to  any  secular  variation,  and  that 
in  the  course  of  ages  the  periods  and  mean  motioDs,  which  by  the 
harmonic  law  depend  on  the  major  axis,  can  never  suffer  any  per- 
manent change. 

3266.  Secular  variation  of  the  apsides.  —  It  has  been  shown 
that  the  change  of  position  of  the  apsides  in  a  synodic  revolution, 
depends  on  the  position  of  the  line  of  conjunction  with  relation  to 
the  perihelion  of  the  disturbed  orbit,  but  in  an  interval  of  time  so 
long  as  to  allow  the  line  of  conjunction  to  assume  all  possible  posi- 
tions, all  possible  effects  will  be  produced  upon  the  apsides.  The 
magnitude  of  these  effects  will  vary  with  the  varying  distance  of 
the  disturbing  planet  from  the  disturbed  orbit.  The  greatest  effect 
will  obviously  be  produced  at  those  parts  of  the  disturbed  which 
are  nearest  to  the  disturbing  orbit;  and  in  taking  a  mean  of  all 
the  variations  of  the  apsides  during  the  entire  interval  these  effects 
will  predominate,  so  that  it  may  be  assumed  that  the  final  residual 
effect  upon  the  apsides,  will  be  identical  in  its  character  with  the 
effect  produced  in  those  conjunctions  which  take  place  at  the  points 
where  the  two  orbits  are  nearest  to  each  other. 

The  position  of  these  points  will  evidently  depend  upon  the  rela- 
tive magnitude  of  the  two  major  axes,  their  relative  position,  and 
the  eccentricities  of  the  two  orbits. 

If  that  half  of  the  disturbed  orbit,  in  the  middle  of  which  aphe- 
lion is  placed,  be  nearer  than  the  other  half  to  the  orbit  of  the 
disturbing  planet,  the  secular  motion  of  the  apsides  will  be  pro- 
gressive ;  if  it  be  more  remote,  the  motion  will  be  regressive.  If 
the  position  of  the  orbits  be  such  that  both  halves  are  equidistant 
from  the  orbit  of  the  disturbing  planet,  there  will  be  no  secular 
variation  of  the  apsides. 

The  secular  motion  of  the  apsides  will  continue  to  have  the 
same  direction,  until  their  change  of  relative  position  shall  alter 
the  conditions  and  render  them  stationary^  or  reverse  the  direction 
of  the  motion. 
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Stoi/iir  variation  of  ike  eccfittricil^. — The  Bocnlir  efc« 
urbiBg  force  upon  the  eccentricity  of  the  dwmrbed  wlrit, 
tof  the  apsidcii,  aiuijlar  in  character  to  the  effect  prodwio] 
ointa  of  the  dislurbed  orbit,  which  are  nearest  to  the  dit 
rhit.     The    eccentricity  will  accordingly,   on    the  wMf, 

f   iho  perihelion  of   the  digtarbcd  orbit  at  those  pflisti 
two  orbits  are  in  greatest  proximity,  nod  it  will  continH 
ie<l  in  the  same  manner,  nntil  the  conditions  are  changed 
ular  change  of  the  apsides. 

place  where  ihe  two  orbita  are  in  closest  prosimity,  botb 
e  in  general  moving  either  from  aphelion  to  perihelion,  of 

cahr  variation  of  the  eecealrioities,  if  it  continued  to  lie 
10  same  way,  cither  always  inercasing  or  always  decreasing 

ter  a  period  of  time  of  great  length,  but  still  definite,  M 
tD  derange  in  a  serious  degree  the  economy  of  the  sjBtem,    , 

incompatibto  with  their  well-l)eing,  not  to  mention  nlhef    i 
derangement  which   would  attend  such  changes.     It  h 
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thoreforei  that  the  nodes  of  p's  orbit  must  seoularlj  regress  upon 
m!s  orbit. 

It  18  necessary^  nevertheless,  to  bear  in  mind  that  this  secular 
regression  on  the  orbit  of  the  disturbing  planet  does  not  infer  its 
i6gre8.sion  on  other  places.  A  regression  on  ooe  place  may  cause  a 
progression  of  the  nodes  of  the  same  orbit  with  another  plane. 

3269.  Secular  variation  of  the  inclination. — If  the  orbits  of  both 
planets  were  absolutely  circular,  the  periodical  inequalities  of  the 
inelinatioii  would  be  exactly  compensatory,  and  there  would,  there- 
fore,  be  no  secular  variation  of  that  element;  for  in  such  case  at 
pointfl  equally  distant  from  the  point  which  is  most  remote  from  M, 
M  exerts  equal  disturbing  forces  on  the  inclination,  one  tending  to 
increase  it,  and  the  other  to  decrease  it. 

Bat  if  the  orbits  be  elliptic,  a  certain  point  can  be  determined 
where  the  effect  of  the  orthogonal  component  of  the  attracting  force 
of  M  on  P  is  greater  than  at  any  other  point,  and  the  total  effect 
produced  on  the  inclination  by  M  taken  in  every  part  of  its  orbit,  on 
P  taken  in  every  part  of  jts  orbit,  in  all  positions  of  the  line  of  con- 
jancdon  with  relation  to  the  line  of  nodes,  will  be  similar  in  charac- 
ter to  this  maximum  effect ;  and  such  will  be  the  character  of  the 
tecnlar  variation  of  the  inclination. 

The  observations,  however,  which  have  been  made  (3267),  re- 
specting the  limits  within  which  the  secular  variation  of  the  eccen- 
trieities  are  confined,  are  equally  applicable  to  the  inclinations. 
These  also,  though  they  may  severally  increase  continually  (subject 
to  their  periodical  oscillations),  for  thousands  of  years,  will  necess- 
arily decrease  continually  for  periods  of  like  duration,  and  the  limits 
within  which  this  secular  oscillation  is  confined  are  in  all  coses 
extremely  narrow. 

3270.  Laplac^i  theorems  of  the  relations  hettoeen  the  eccentricities 
and  inclinations  of  the  planetary  orbits, — ^The  researches  of  Laplace 
have  led  to  the  discovery  of  a  beautiful  mathematical  relation  which 
prevails  between  the  eccentricities  and  inclinations  of  the  planetary 
orbits,  which  may  be  easily  comprehended  without  any  profound 
mathematical  knowledge,  although  its  demonstration  does  not  admit 
of  exposition  on  principles  sufficiently  elementary  to  allow  of  its  in- 
troduction here. 

THEOREM. 

"Ir  THE  NCTMBBRS  WHICH  EXPRESS  THE  SQUARE  OF  THE  ECCENTRI- 
CITT  AND  THE  SQUARE  ROOT  OF  THE  SEMI-AXIS  MAJOR  OF  EACH  OF  THE 
rLANETART  ORBITS  BE  MULTIPLIED  TOOETHER,  AND  THEIR  PRODUCT  BE 
MULTIPLIED  BT  THE  NUMBER  WHICH  EXPRESSES  THE  MASS  OF  THE 
PLANET,  THE  SUM  OF  ALL  SUCH  PRODUCTS  FOR  ALL  THE  PLANETS  WILL 
ALWAYS  BE  THE  SA^iE,  NOTWITHSTANDING  THE  SECULAR  VARIATION  OF 
TAX   ECCENTRICITY." 

This  celebrated  theorem  may  be  conveniently  and  very  concisely 

64* 
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tlic  supposed  satellite  is  close  to  tbe  eurhce,  its  dittum    1 
eotre  is  the  enrth'a  semiHiiametcr ;  and  since  the  mon'i     1 

r'        J 

m  =  655-73  hours  (2470),  it  follows  that  p  =  3-61S 

satellite  vonld  he  subject  to  the  distarbing  action  of  tbe 
would  produce  )□  its  orbit  inequalities  similar  in  kind  to, 
cat  in   magnitude  from,  thoso  produced  by  the  sun's  dtj- 
rce  on  the  moon's  orbit.    Its  nodes,  that  is,  the  equinociiil 
lamuch  as  i(8  ochit  ia  by  the  supposition  the  plane  of  tin     < 
nould  receive  a  slow  regressive  motion ;  and  its  inclin- 
is,  the  obliquity  of  tbe  eclipse,  wonid  be  subject  ta  a  nn- 
e  period  would  depend  on  that  of  the  successive  retnns 

to  the  same  equinoctial  point 
tellite  would  also  be  snbjoct  to  the  disturbing  mHot  of 
which  vrould  aflect  it  id  a  manner  nearly  similar;  hdm, 
ne,  also,  the  disturbing  body  would  be  exterior  to  tbe  dis- 
.t  would   impart   to   the   line  of   nodes  of   tbe   suppostd 
jat  is,  to  tbe  intersection  of  the  plane  of  its  orbit  with 

SPHEROIDAL  PERTURBATIONS.  648 

CHAP.   XXIV. 
THEORY   OP   SPHEROIDAL  PERTURBATIONS. 

3272.  Attraction  of  planets  would  he  central  if  their  forms  were 
exactly  spherical. — In  the  preceding  investigations  of  the  effects  of 
the  reciprocal  attractions  of  the  bodies  composing  the  solar  system, 
the  attraction  exerted  bj  each  of  these  upon  the  others,  is«eonsidered 
to  emanate  from  its  centre  in  all  directions  around  it,  as  luminous 
rajs  would  from  a  radiant  point.  This  would  be  strictly  true  if  the 
gravitating  bodies  were  all  spherical;  since  it  is  a  property  of  a 
sphere  that  the  matter  composing  it,  supposing  it  to  be  either  uni- 
formly dense,  or  to  have  a  density  varying  according  to  some  fixed 
law  depending  on  the  distance  from  the  centre  of  the  mass,  exercises 
on  all  distant  bodies  exactly  the  same  attraction  as  if  its  entire  mass 
were  concentrated  at  its  centre. 

Bat  if  the  attracting  body  be  not  spherical,  this  will  not  be  true ; 
and  accordingly  the  attraction  exerted  by  any  such  body,  must  be 
investigated  with  especial  reference  to  its  form. 

3273.  Disturbing  forces  consequent  on  spheroidal  fomu,  —  Now, 
although  the  planets  generally,  including  tne  earth,  are  veri/  nearly y 
they  are  not  exactly^  spherical,  as  has  been  already  explained.  The 
ellipticity  of  these  spheroids,  though  too  inconsiderable  to  produce 
^uiy  sensible  effect  upon  their  mutual  attractions,  or  to  require  to  be 
taken  into  account  in  any  analysis  of  their  perturbations,  is  never- 
theless sufficient  to  produce  very  sensible  effects  on  the  mutual  at- 
tractions of  the  spheroidal  planets  and  their  satellites,  and  even  upon 
the  phenomena  resulting  from  the  central  attraction  of  the  sun 
exerted  upon  them. 

These  effects  are  manifested  in  the  motions  of  the  planets  them- 
selves by  periodical  changes  in  the  position  of  their  axes  of  rotation, 
and  in  their  satellites  by  similar  changes  in  the  elements  of  their 
orbits. 

It  is  these  effects  that  we  denominate  spheroidal  inequali- 
ties ;  the  name  indicating  their  physical  cause. 

3274.  Effects  which  wotdd  he  produced  if  a  satellite  were  at- 
tached to  the  surface  of  the  earth  at  the  equator.  —  If  the  earth 
were  attended  by  a  second  satellite,  revolving  close  to  its  surface 
and  in  the  plane  of  its  equator,  its  periodic  time  would  be  less  than 
that  of  the  moon,  in  a  ratio  which  is  easily  ascertained  by  the  har- 
monic law.  Let  m  express  the  moon's  period,  /  its  distance,  p  the 
period  of  such  a  satellite  as  is  here  supposed,  and  r  its  distance  from 
the  earth's  centre.     We  should  then  have 


365  242255  =  365     5     48     50-4, 
Icing  less  than  the  former  by  20--  20'-. 
J^cEsive  returns  of  the  Eun  to  the  same  equinoctial  »mnt 
Lforc,  alwajs  precede  its  return  to  Ihc  eime  point  of  the 
20™-  20*-  of  time,  ond  bj  50-i"  of  spnce. 
Hod  of  preceKKton. — To  delermine  the  period  in  which 
(iul  points  moTing  backwards  constantly  at  this  niean 
make  a  complEte  revoliUion  of  the  ecliptic,  it  is  onlj 
I  find  hoK*  oflen  50-1"  ipnat  he  repeated  to  make  up 
lanie,  to  divide  the  number  of  seconds  in  360° 
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incladed  between  them  will  obviously  be  equal  to  the  angle  under 
the  equator  and  ecliptic ;  and  since  the  extremities  of  these  diame- 
ters are  the  poles  of  the  equator  and  ecliptic,  it  follows  that  the  arc 
of  the  heavens  iucluded  between  these  poles  is  equal  to  the  obliquity 
€i  the  ecliptic. 

But  since  a  plane  passing  through  these  diameters  is  at  right 
angles  both  to  the  equator  and  ecliptic,  the  line  of  equinoxes  or  the 
intersection  of  the  planes  of  the  equator  and  ecliptic,  will  be  at  right 
angles  to  that  plane.  If,  therefore,  the  equinoctial  points  revolve 
round  the  ecliptic  in  a  retrograde  direction,  it  follows  that  the  plane 
passing  through  the  diameters  above  mentioned,  and  through  the 
poles  of  the  two  circles  to  which  the  line  joining  these  poiots  is  at 
right  angles,  will  revolve  with  a  like  motion,  round  that  diameter 
of  the  sphere  which  is  at  right  angles  to  the  plane  of  the  ecliptic, 
and  which  therefore  terminates  in  its  poles.  But  since  the  pole  of 
the  celestial  equator  is  upon  this  circle  at  a  distance  from  the  pole 
of  the  ecliptic  equal  to  the  obliquity  of  the  ecliptic,  it  follows  that 
the  pole  of  the  equator  will  be  carried  round  the  pole  of  the  ecliptic, 
m  a  lesser  circle  parallel  to  the  plane  of  the  ecliptic,  with  a  retro- 
grade motion  exactly  equal  to  that  of  the  equinoctial  points. 

8282.  Distance  of  pole  of  equator  from  pole  of  ecliptic  varies 
with  the  obliquity, — And  since  Uie  distance  of  the  pole  of  the  equa- 
tor from  that  of  the  ecliptic  Vnust  always  be  exactly  equal  to  the 
obliquity  of  the  ecliptic,  it  follows  that  every  change  which  may 
take  place  from  whatever  cause,  in  the  position  of  the  plane  of  the 
equator,  whether  the  change  affect  the  angle  at  which  it  is  inclined 
to  the  ecliptic,  or  the  position  of  the  equinoctial  points,  must  be 
attended  with  a  corresponding  change,  either  in  the  apparent  dis- 
tance of  the  pole  of  the  equator  from  that  of  the  ecliptic,  or  in  the 
rate  or  direction  of  the  motion  of  the  latter  round  the  former. 

3283.  Pole  star  varicn  from  age  to  age, — As  the  pole  of  the 
equator  is  carried  with  this  slow  motion  round  the  polo  of  the 
ecliptic,  its  position  for  all  popular,  and  even  for  some  scientific, 
purposes  is  usually  indicated  by  the  nearest  conspicuous  star,  for  it 
rarely  happens  that  any  such  star  is  found  to  coincide  with  its  exact 
place.  Such  star  is  th"^  pole  star,  for  the  time  being;  and  it  is 
clear  from  this  motion  of  the  pole,  that  the  pole  star  must  necessarily 
change  from  age  to  age. 

The  present  polar  star  is  a  star  of  the  second  magnitude  in  the 
constellation  called  the  '^Lesser  Bear/'  and  its  present  distance 
from  the  exact  position  of  the  pole  is  1°  24'. 

The  motion  of  the  pole  as  above  described,  however,  is  such  that 
this  distance  is  gradually  diminishing,  and  will  continue  to  diminish 
until  it  is  reduced  to  about  half  a  degree ;  after  which  it  will  in* 
crease,  and 'after  the  lapse  of  a  long  period  of  time,  the  pcjle  will 
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m  Ibis  Btar,  and  it  will  oease  to  bear  the  name,  or  tern    K 
ses,  of  a  pole  eter.                                                                  , 
Former  ami  future  pole  slurs.  —  If  upon  anj  elif-niip  i      j, 
traced  round  the  pole  of  the  ecliptic  at  a  disiaoee  izm '«      | 
Buoh  circle  will  pus  tbroagh  all  pwitioas  which  the  pole      , 
uator  will  have  in  time  to  come,  or  haa  bad  in  time  put;      , 
I  then  bo  easily  seen  which  are  tbe  conBpicuoiia  £tui  ig      | 
ghbourhood  it  will  pass  in  after  ageS,  aad  near  whicli  il      . 
d  in  paat  ages,  and  which  will  becotoe  ia  future,  or  li»e      ! 
ist  timesi,  the  pole  star  of  the  age.                                          , 
000  years  from  the  present  time,  for  example,  it  will  b«      | 
t  the  pole  will  pass  within  a  few  degrees  of  the  star  of  ik 
itudo  in  tbe  conatellatiou  of  "  Ljm,"  called  a  Li/rm. 
ing  back  in  the  eame  manner  the  position  of  the  pcJe 
e  stars,  it  is  found  that  at  an  epoch  3970,  or  nearly  4000 
ore  the  present  time,  tlio   pole  was  55°  15'  behind  \m 
osition  in  longitude  j  and  at  this  lime  the  nearest  briglit 
was  the  star  y,  in  the  constellation  of  "Draco."    The 
f  tfais  Btar,  at  that  time,  from  tbe  polo  must  have  been 

Remnrkahk  i-irc'itiisfaiice  coniiecleil  iriVA  tl-e  pyratni-h.— 
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change  of  place  produced  by  the  disturbing  forces  of  the  sun  and 

moon  upon  the  protuberant  matter  of  the  equator  io  long  periods 

of  time.     But  this  regression  is  not  produced  at  a  uniform  rate. 

The  disturbing  forces  vary  in  tbeir  action  according  to  the  general 

|>rinciple8  already  explained,  with  the  angles  form^  by  lines  drawn 

from  the  sun  and  moon  to  the  centre  of  the  earth  with  the  plane  of 

the  equator.     So  far  as  relates  to  the  sun,  this  yariation  in  its  eflfcct 

goes  through  all  its  changes  within  a  year.     In  the  eaae  of  the 

moon,  it  will  obviously  vary  from  month  to  month  and, from  year 

to  year,  with  the  change  of  position  of  the  moon's  nodes;  and  as 

these  nodes  have  a  regressive  motion  making  a  complete  revolution 

in  about  nineteen  years,  the  variation  of  the  effect  of  the  moon's 

disturbing  force  will  pass  through  all  its  changes  withiq  that  period. 

The  regressive  motion  imparted  to  the  equinoctial  points^  and  also 

to  the  pole  of  the  equator  in  moving  round  the  pole  of  the  ecliptic, 

as  already  described,  by  the  sun  and  moon,  is  therefore  subject  to 

an  alternate  increase  and  decrease,  whose  period  is  a  year  for  the 

Ban,  and  nineteen  years  for  the  moon. 

Bat  these  are  not  the  only  effects  produced  upon  the  position  of 
the  pole  of  the  equator  by  the  disturbing  action  of  the  moon  and 
son.  According  to  what  has  been  explained  in  general  of  the  effects 
of  the  orthogonal  component  of  the  disturbing  force,  it  will  be  easily 
nnderstood  that  the  protuberant  matter  of  the  equator  being  re- 
garded as  a  satellite  disturbed  by  the  sun  and  moon,  the  inclination 
of  the  plane  of  the  equator  to  the  ecliptic  will  be  subject  to  a  varia- 
tion proceeding  from  the  disturbing  force  of  the  sun,  whose  period 
will  be  a  year;  and  its  inclination  to  the  plane  of  the  moon's  orbit 
will  be  subject  to  a  like  variation,  whoso  period  is  about  nineteen 
years.  These  changes  of  the  inclination  of  the  plane  of  the  equator 
to  that  of  the  ecliptic  and  the  moon's  orbit  will  be  attended  with  a 
corresponding  motion  of  the  pole  of  the  equator  to  and  from  the  pole 
of  the  ecliptic. 

This  alternate  approach  and  recess  of  the  pole  of  the  equator  to 
and^firom  the  pole  of  the  ecliptic,  combined  with  the  alternate 
increase  and  decrease  of  its  regressive  motion,  is  called  the  Mutation; 
that  part  of  it  due  to  the  sun  being  called  the  solar  ntUation;  and 
that  due  to  the  moon,  the  lunar  nutation. 

The  solar  nutation  is  an  inequality  of  so  small  amount  as  alto- 
gether to  escape  observation,  and  therefore  must  bo  looked  upon  to 
have  a  merely  theoretical  existence. 

It  is  otherwise,  however,  with  the  lunar  nutation.  By  the 
alternate  increase  and  decrease  of  the  regressive  motion  of  the  pole, 
combined  with  its  alternate  approach  and  recess  to  and  from  the 
pole  of  the  ecliptic,  the  pole  is  moved  in  such  a  manner  that,  if  it 
were  affected  only  by  the  disturbing  force  of  the  moon,  it  would 
detente  an  ellipse  aoch  aa  A  BCD,  jig.  i>^\  l\i^  xaii^^Qit  ^xv&  ^^ 
///.  55 
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yiVtch  would  be  in  the  directioD  AS  '^^^B 
pole  of  Ihc  ecliptic,  and  nnuld  nieasure It^^B 
nhile  the  minor  axis  nould  be  at  right  *'§^^| 
to  this  direction,  and  trould   measure  18''^^B 
But  nhile  the  pole  of  the  equator  <}c«riCl|^B 

Iceo   years,    it   is   carried    bj   the  oonnMi|H 
TDOtioQ  of  prPcesBioD,  in  a  retroprade  diM^H 
tion,   Bs    nlreadj  described,   at    the    nte  tfV 
501"  in    each   year,  nnd  will,  tberefora,  la  ■ 
cinelecn  years  be  carried  through  15-&'  in  (Ii  ■ 
motion  round  the  pole  of  the  equator.     N<w,  ■ 

motion   already   described,   it   will   be  e^^J   1 
Ecen  liiQt  the  pole  of  the  equator  would,  ia  1 
rcTolving  round  the  pole  of  the  ecliptic,  bI-   1 
temntely  approaching  to  it  and  receding  frotQ 
it  through  9-25",  deBcribc  sn  nndalstiog  line 

represents  the  pole  of  the  ecliptic. 

3:iST.   Eayiithn  o/ihe  equinoxes.  —  Since 

SPHEROIDAL  PERTURBATIONS.  651 

1>recession  in  a  givcD  time  be  expressed  bj  7,  the  part  due  to  the 
moon  will  be  5,  and  that  due  to  the  sun  will  be  2. 

3289.  Like  (Jjfects  produced  in  the  case  o/ other  planets.  —  These 
disturbing  effects  produced  upon  the  plane  of  the  planet's  equator, 
are  not  confined  to  the  case  of  the  earth.  All  the  planets  which  have 
the  spheroidal  form,  are  subject  to  similar  effects  from  the  sun's 
attraction  on  their  equatorial  protuberance^  the  magnitude  of  these 
effects  being,  however,  less  as  the  distance  from  the  sun  is  increased. 
In  the  case  of  the  major  planets,  the  sun's  disturbing  action  on  tho 
planet's  equator,  proceeding  from  this  cause^  will  be  altogether 
insensible. 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  however,  must  be 
considerable  in  magnitude,  especially  so  far  as  relates  to  the  inner 
satellites,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  each  of  the  satellites  separately  being  combined  in 
affecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  these  phenomena  are  neccssiirily  local,  and  mani- 
fested only  to  observers  on  the  planet,  they  offer  merely  speculative 
interest  to  the  terrestrial  astronomer. 

3290.  Effects  of  spheroidal  perturbation  on  the  motions  of  the 
moon  genercdly  minute,  —  The  protuberant  matter  of  the  terrestrial 
spheroid  disturbs  the  lunar  orbit,  in  the  same  manner  as  would  a 
sateUite  placed  at  the  surface  of  the  earth  and  in  the  plane  of  the 
equator.  From  what  has  been  explained  of  the  general  effects  when 
the  disturbing  body  is  within  the  disturbed  orbit,  it  will  follow  that 
tbe  terrestrial  spheroid  must  impart  a  progressive  motion  to  the 
moon's  apsides,  and  a  regressive  motion  to  the  nodes.  Those  in- 
equalities have,  however,  a  theoretical  existence  only,  being  so 
minute,  compared  with  the  progression  of  the  apsides  and  regression 
of  the  nodes  due  to  the  disturbing  force  of  the  sun,  that  they  do  not 
produce  any  observable  change  in  these  motions. 

8291.  Spheroidal  inequaliti/  of  tlie  inclination  of  the  moon*s 
orbit  observable,  —  A  case,  however,  exists,  in  which  the  disturbing 
force  of  the  terrestrial  spheroid  docs  produce  sensible  effects  on  the 
lunar  orbit. 

It  has  been  already  shown,  that  the  moon's  nodes  move  round 
the  ecliptic  with  a  retrograde  motion,  in  about  nineteen  years. 
Twice  in  this  period  they  must,  therefore,  coincide  with  the  equi- 
noctial points ;  and  when  they  do  so,  the  line  of  nodes  must  coincide 
with  the  inclination  of  tho  planes  of  the  equator  and  ecliptic.  In 
one  of  the  two  positions  which  they  thus  a.<tsunie,  tho  plane  of  the 
moon's  orbit  must  lie  between  the  planes  of  the  ecliptic  and  equator 
as  represented  in  fig.  866,  where  acdc'a'  represents  the  equator, 
Acjx/a'  the  ecliptic,  and  Adud* a!  tho  moon's  orbit.  lu  the 
other  poauoB  the  moon's  orbit  will  make  a  gr^\Ai  «.\i^^  ^\\}cl^^ 
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which  would  be  in  the  direclion  A  E  nf  fit 
pole  of  thP  ppliptic,  and  would  niMsure  LIS* 
while  the  minor  ash  would  be  at  right  tn^ 
to  this  direction,  and  would  measure  !3.7-f , 
But  while  the  pole  of  the  equator  deaeribM 
this  elltjiee  completing  its  resolution 
teen  years,  it  is  parried  by  the 
motion  of  proceseiotj,  in  a  retrograde  din» 
tion,  as  alrcadj  dcscHbr^,  at  the  rale  af 
50-1"  in  encb  year,  nnd  will,  therefore,  li 
nioetecn  years  be  carried  through  lo-S*  in  k 
motion  rotitid  the  pole  of  the  eqtiatnr.  Nst, 
by  combining  this  motion  with  the  elliift 
motion  alrcody  described,  it  will  be  f^' 
seen  that  the  pole  of  the  equator  wtmld, 
revolving  round  the  pole  of  the  ecliptic. 
temately  appronching  to  it  and  receding  f' 

it  through  8-25",  describe  an  ondulating 

flnch  as  is  represented  in  jSrj.  865,  wbntl 
represents  the  pole  of  the  ecliptic 

Equation  nf  the  equiHoift.~&m 


a  of  lL< 
mhjcct 


i/thf  equii, 

'  t<|'"oo«es 


328S.   Pn^poi-lioit  r,/thr.   n 
Jortxa  of  the  moon  and  mu.  - 


oes  not  till 
alteniat4 
.  .  ,  is  tnie  plm 
If  we  conceive  an  imaginary  tq^ 
noctial  poiul  moving  backward,  «|L 
a  uuiform  moiiou  at  the  rale  d 
oO^  1",  Ibe  place  of  such  pckl 
would  be  the  mean  place  of  At 
equinoctial  point.  The  true  jJw 
would  vary  from  thJa,  preceding  I 
when  tbe  disturbing  force  augaiMll 
the  rate  at  which  the  equinoc^ 
point  moves,  and  falling  bebiod  il 
when  it  decreaEGs  that  rale. 

The  distance  between  tie  vm 
and  imaginary  etjuiuoctial  poiuttil 
culled  the  fquitlion  of  Ikt  egiiiu» 
The  mean  place  of  tbe  eqniiK 
for  any  proposed  time  is  given  ^ 
tables;  and  the  equilion  of  lb 
ic  gives  the  quantiry  to  be  adU 
place,  to  find  the  true  place. 
m  prrreMion  (hie  to  tht  dutmikf 
If  th«  entire  aoioaiit  of  ika  Mfl 
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precession  in  a  given  time  be  expressed  by  7,  the  part  due  to  the 
moon  will  be  5,  and  that  due  to  the  sun  will  be  2. 

3289.  Like.  efftcU  produced  in  the  case  of  other  planets,  —  These 
disturbing  effects  produced  upon  the  plane  of  the  planet's  equator, 
are  not  confined  to  the  case  of  the  earth.  All  the  planets  which  have 
the  spheroidal  form,  are  subject  to  similar  effects  from  the  sun's 
attraction  on  their  equatorial  protuberance^  the  magnitude  of  these 
effects  being,  however,  less  as  the  distance  from  the  sun  is  increased. 
In  the  case  of  the  major  planets,  the  sun's  disturbing  action  on  the 
planet's  equator,  proceeding  from  this  cause,  will  be  altogether 
insensible. 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  however,  must  be 
considerable  in  magnitude,  especially  so  far  as  relates  to  the  inner 
satellites,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  each  of  the  satellites  separately  being  combined  in 
affecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  these  phenomena  are  necessarily  local,  and  mani- 
fested only  to  observers  on  the  planet,  they  offer  merely  speculative 
interest  to  the  terrestrial  astronomer. 

3290.  Effecis  of  spheroidal  perturbation  on  the  motions  of  the 
moon  generally  minute,  —  The  protuberant  matter  of  the  terrestrial 
spheroid  disturbs  the  lunar  orbit,  in  the  same  manner  as  would  a 
satellite  placed  at  the  surface  of  the  earth  and  in  the  plane  of  the 
equator.  From  what  has  been  explained  of  the  general  effects  when 
the  disturbing  body  is  within  the  disturbed  orbit,  it  will  follow  that 
the  terrestrial  spheroid  must  impart  a  progressive  motion  to  the 
moon's  apsides,  and  a  regressive  motion  to  the  nodes.  These  in- 
equalities have,  however,  a  theoretical  existence  only,  being  so 
minute,  compared  with  the  progression  of  the  apsides  and  regression 
of  the  nodes  due  to  the  disturbing  force  of  the  sun,  that  they  do  not 
produce  any  observable  change  in  these  motions. 

3291.  Spheroidal  inequaiitt/  of  tlie  inclination  of  the  moon's 
orbit  observable.  —  A  case,  however,  exists,  in  which  the  disturbing 
force  of  the  terrestrial  spheroid  docs  produce  sensible  effects  on  the 
lunar  orbit. 

It  has  been  already  shown,  that  the  moon's  nodes  move  round 
the  ecliptic  with  a  retrograde  motion,  in  about  nineteen  years. 
Twice  in  this  period  they  must,  therefore,  coincide  with  the  equi- 
noctial points }  and  when  they  do  so,  the  line  of  nodes  must  coincide 
with  the  inclination  of  the  planes  of  the  equator  and  ecliptic.  In 
one  of  the  two  positions  which  they  thus  a.ssuwe,  the  plane  of  the 
moon's  orbit  must  lie  between  the  planes  of  the  ecliptic  and  equator 
as  represented  in  fg.  866,  where  acdc/a'  represents  the  equator, 
Acl>dA!  the  ecliptic,  and  Adod'A'  the  moon's  orbit.  In  the 
other  poution  the  moon's  orbit  will  make  a  gre&Ui  o^ik^U  ^\\k\Vi^ 
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and  while  it  Las  the  apparent  position  a2»d  its  apparent  motion  is 
less,  than  its  mean  motion.  This  difference  is  found  to  produce  a 
"Variation  of  the  moon's  place  in  its  orhit  or  of  its  longitude  amounting 
to  8",  by  which  it  gets  in  advance  of  its  mean  place  when  the  orbit 
Las  the  position  acLd,  and  lags  behind  it  when  the  orbit  has  the 
position  \hD, 

Since  the  interval  between  the  ^epochs  at  which  the  moon's  orbit 
has  the  two  positions  indicated  in  the»figure,  is  one  half  the  period 
of  the  regression  of  the  nodes,  that  is  about  nine  years  and  a  half, 
it  follows  that  the  moon's  inclination  to  the  ecliptic  gradually  in- 
creases during  that  interval  of  nine  years  and  a  half,  from  its  posi- 
tion A  </  D  to  its  position  A  &  D,  and  that,  during  the  next  nine  years 
and  a  half,  it  gradually  decreases  from  its  position  A  ^  D  to  its  posi- 
tion A  cZ  D ;  therefore,  it  follows  that  the  moon's  angular  motion  is 
continually  greater  than  its  mean  value  during  nine  years  and  a 
balf,  and  continually  less  during  the  next  nine  years  and  a  half. 

Now,  this  inequality  in  its  exact  quantity  depends  altogether  upon 
the  oblateness  of  the  terrestrial  spheroid,  or,  what  is  the  same,  on 
the  ratio  of  the  equinoctial,  to  the  polar  diameter  of  the  earth.  If 
this  ratio  were  greater  than  301  to  300,  its  actual  value,  the  ine- 
quality of  the  moon's  motion  consequent  upon  it  would  be  greater, 
and  aocordingly  its  apparent  place  would  be  more  than  8''  in  advance 
of  the  true  place  in  the  one  interval  of  nine  years  and  a  half,  and 
less  80  in  the  succeeding  nine  years  and  a  half;  and,  on  the  con- 
trary, if  the  ratio  of  the  equatorial  to  the  polar  diameter  were  lens 
than  301  to  300,  the  variation  of  the  moon's  apparent  motion  would 
be  less  than  8".  Thus  it  appears,  that  this  minute  inequality  of 
the  moon's  motion,  developed  in  the  protracted  periods  of  nineteen 
years,  supplies  a  measure  of  the  spheroidal  form  of  the  earth,  the 
result  of  which  completely  verifies  the  other  methods  already  ex- 
plained, of  determining  the  ellipticity  of  the  terrestrial  spheroid. 

3292.  Spheroidal  inequalities  of  the  Jovian  system.  —  The  ob- 
lateness of  Jupiter,  still  greater  than  that  of  the  earth,  produces 
inequalities  of  the  motion  of  the  satellites,  similar  to  tf^ose  produced 
by  the  spheroidal  protuberance  of  the  earth  upon  the  moon,  but 
greater  in  degree  and  more  rapid  in  their  development,  in  proportion 
to  the  greater  ellipticity  of  the  planet  and  the  greater  proportional 
proximity  of  the  satellites.  Thus,  a  progressive  motion  is  imparted 
to  the  apsides,  and  a  regressive  motion  to  the  nodes  of  each  of  the 
satellites ;  and  these  motions  are  so  much  the  more  considerable  the 
nearer  the  satellite  is  to  the  planet.  The  effect  of  this  spheroidal 
perturbation  on  the  inner  satellites  is  so  predominant,  that  the  mo- 
tion of  these  satellites  is  nearly  the  same  as  it  would  be  if  no  other 
disturbing  force  whatever  affected  them. 

It  will  be  obvious  that  a  very  complicated  system  of  inequalities 
must  tbua  he  produced  upon  the  satelUtea  oC  Jupvlex^v&A&mNyi^  v 
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Elements  of  each  of  the  orbits,  ia  neceiisarilj  mixed  up 
isturbiDg  effects  of  the  salellites  upon  each  other. 
Sp/ieroiilal  inequalitiei  of  ihe  Satumian  n/tttm.—'^t 

forces  produced  bj  the  spheroidal  form  of  Saturn,  ue  in 
a  siinilar  to  those  developed  in  the  Jovian  system.    Tb* 
he  riag  is  nearly  the  same  as  if  the  obUtcneas  of  Uw 
re  augmented,  — with    this  difference,  however,  thit  tis      1 
being  attached  to  the  planet,  is  not  clogged  with  the  iaertii      ' 

spherical  mass  within  it,  hanging  upon  it,  as  i«  the  cue 
pheroidal  protuberance  of  the  planet 
sequence  of  tbifl,  the  combined  effects  of  the  ring  icd  lit 

the  orbita  of  the  sevorai  satellites.  These  effects  mostte 
greater  on  the  inner,  than  on  the  more  remote  saleililes. 

eory  of  the  perturbations  of  this  system  is  rendered  tcij 

ffiog  to  the  fact,  that  the  sun,  ia  consequence  of  ita  ff- 
and  of  the  small  visual  angle  which  the  nhole  syalcm 

at  it,  pan  produce  no  e^n.tible  perturbation.  The  salcllilea 
ever,  been  so  imperfectly  observed  that  no  data  have  bfcn 
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CHAP.  XXV. 

THE  nXBD  BTABS. — 8TSLLAB  PARALLAX  AND  DISTANCE. 

3294.  Creation  not  circumscnhed  hy  the  tciar  system.  The  re- 
non  of  spaoe,  vast  ai  it  is,  which  is  occupied  bj  the  solar  Bystem, 
fonns  bat  a  small  portion  of  that  part  of  the  material  uniTerse  to 
which  scieDtifio  inquiry  and  research  haye  been  extended.  The 
inquisitive  spirit  of  man  has  not  rested  content  within  such  limits. 
Takine  its  stand  at  the  extremities  of  the  system,  and  throwing  its 
Marching  glance  toward  the  interminable  rodms  of  space  which  ex- 
tend beyond  them,  it  still  asks — What  lies  there?  Has  the  Infinite 
eircumscribed  the  exercise  of  his  creatiye  power  within  these  pre- 
cincts—  and  has  He  left  the  nn&thomable  depths  of  space  that 
stretch  beyond  them,  a  wide  solitude  ?  Has  He  whose  dwelling  is 
immensity,  and  whose  presence  is  eyery where  and  eternal,  remained 
iDActiye  throughout  regions  compared  with  which  the  solar  system 
shrinks  into  a  point  ? 

Even  though  scientific  research  should  have  left  us  without  defi- 
nite information  on  these  questions,  the  light  which  has  been  shed 
on  the  Divine  character,  as  well  by  reason  as  by  revelation,  would 
have  filled  us  with  the  assurance  that  there  is  no  part  of  space,  how- 
ever remote,  which  must  not  teem  with  evidences  of  exalted  power, 
inexhanstible  wisdom,  and  untiring  goodness. 
•  But  science  has  not  so  deserted  us.  It  has,  on  the  coDtrary, 
sapplied  us  with  much  interesting  iDformation  respecting  regions  of 
the  universe,  the  extent  of  which  is  so  great  that  even  the  whole 
dimensions  of  the  solar  system  supply  no  modulus  sufficiently  great 
to  enable  us  to  express  their  magnitude. 

3295.  The  solar  system  surrounded  by  a  vast  but  limited  void, — 
We  are  famished  with  a  variety  of  evidence,  establishing  incomes- 
tably  the  fiict,  that  around  the  solar  system,  to  a  vast  <Hstance  on 
every  side,  there  exists  an  unoccupied  space ;  that  the  solar  system 
stands  alone  in  the  midst  of  a  vast  solitude.  It  has  been  shown, 
that  the  mutual  gravitation  of  bodies  placed  in  the  neighbourhood 
of  each  other,  is  betrayed  by  its  effects  upon  their  motions.  If, 
therefore,  there  exist  beyond  the  limits  of  the  solar  system,  and 
within  a  distance  not  so  great  as  to  render  the  attraction  of  gravita- 
tion imperceptible,  any  mass  of  matter,  such  as  another  sun  like  our 
own,  such  a  mass  would  undoubtedly  exercise  a  disturbing  force 
upon  the  various  bodies  of  the  system.  It  would  cause  each  of 
them  to  move  in  a  manner  difierent  from  that  in  which  it  would 
have  moved  if  no  such  body  existed. 

Thos  it  appears  that,  even  though  a  maea  oi  ixvaVX^t  vvi  ^>». 
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liooJ  should  C5c3pc  direct  obserratioo,  its  presence  would 
blj  betrayed  by  tlie   effects  wbicli  its   grnvilation  would 
pon  tbe  planets,     No  anch  effects,  however,  are  discovtr 
e  planets  movo  as  they  would  move  if  tbe  solar  sjHea 
pendent  of  any  esternal  disturbing  attniction.     The* 

of  tbe  BUD  and  the  reciprocal  altraclioD   of  the  otliet 
the  syEtcm.     The  iiirerencc  from  this  is,  that  there  doei 
any  mass  of  matter  in  the  ndghbourhood  of   tho  »ol»r 
thin  any  distance  which  permita  sucb  a  mass  to  eiertin 

to  our  sun  exists  in  the  univerec,  it  most  be  placed  at » 
so  great,  that  the  whole  magnitude  of  our  system  will 

o  a  point,  compared  with  it. 

The  slara  mv/t  be  ylaccil  beyond  the  surrounding  void.— 
0/  si^nsibk  pnral/ax.  —  Yel  wlien,  on  any  clear  night,  «e 
Bte  the  firmament,  and   behold  tbe  conoUess  multitude  of 

uiber  arc  comprised  among  thoee  of  the  solar  system,  and    ' 
bese  bow  few  are  visible  at  any  one  time,  we  are  natuntlj 
to  tbe  in(|uiry.  Where  in  the  uuivcrse  are  these  vast  noni- 
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of  cncr  oton  change  of  position;  and  the  greater  that  ehange  of 
positioii  is,  the  greater  will  be  the  relative  change  of  these  appear- 
ances. Let  or  suppose,  however,  that  we  are  moved  to  a  moch 
greater  distance  from  the  shipping ;  any  change  in  our  position  will 
ptodooe  much  less  effect  upon  the  relative  position  of  the  masts ; 
perliapa  it  will  require  a  very  considerable  change  to  produce  a  per- 
eeivaDle  effect  upon  them.  In  fine,  in  proportion  as  our  distance 
IWxm  the  masts  is  increased,  so  in  proportion  will  it  require  a  greater 
disnge  in  our  own  position  to  produce  the  same  apparent  change  in 
their  position. 

Thus  it  is  with  all  visible  objects.  When  a  multitude  of  station- 
ary objects  are  viewed  at  a  distance,  their  relative  position  will 
depend  upon  the  position  of  the  observer ;  and  if  the  station  of  the 
observer  be  changed,  a  change  in  the  relative  position  of  the  objects 
must  be  expected;  and  if  no  perceptible  change  is  produced,  it 
most  be  inferred  that  the  distance  of  the  objects  is  incomparably 
greater  than  the  change  of  position  of  the  observer. 

Let  us  now  apply  these  reflections  to  the  case  of  the  earth  and 
the  stars.  The  stars  are  analogous  to  the  masts  of  the  ships,  and 
the  earth  is  the  station  on  which  the  observer  is  placed.  It  might 
have  been  expected  that  the  mngnitude  of  the  globe,  being  eight 
thousand  miles  in  diameter,  would  produce  a  chaoge  of  position  of 
the  observer  sufficient  to  cause  a  change  in  the  relative  position  of 
the  stars,  but  we  find  that  such  is  not  the  case.  The  stars,  viewed 
from  opposite  sides  of  the  globe,  present  exactly  the  same  appear- 
ance ;  we  must^  therefore,  infer  that  the  diameter  of  the  earth  is 
ftbsolutely  nothing  compared  to  their  distance. 

But  the  astronomer  has  still  a  much  larger  modulus  to  fall  back 
upon.  He  reflects,  as  has  been  already  observed,  that  he  b  enabled 
to  view  the  stars  from  two  stations  separated  from  each  other,  not 
by  8000  miles,  the  diameter  of  the  earth,  but  by  200  millions  of 
miles,  that  of  the  earth's  orbit.  He,  therefore,  views  the  heavens 
on  the  Ist  of  January,  and  views  them  again  on  the  1st  of  July, 
the  earth  having  in  the  meanwhile  passed  to  the  opposite  side  of  its 
orbit,  yet  he  finds,  to  his  amazement,  that  the  aspect  is  the  same. 
He  Uiinks  that  this  cannot  be  —  that  so  great  a  change  of  position 
in  himself  cannot  fail  to  make  some  change  in  the  apparent  position 
of  the  stars ,  —  that,  although  their  general  aspect  is  the  same,  yet 
when  submitted  to  exact  examination  a  change  must  assuredly  be 
detected.  He  accordingly  resorts  to  the  use  of  instruments  of  ob- 
servation capable  of  measuring  the  relative  positions  of  the  stars 
with  the  last  conceivable  precision,  and  he  is  more  than  ever  con- 
founded by  the  fact  that  still  no  discoverable  change  of  position  is 
found. 

For  a  long  period  of  time  this  result  seemed  inexplieabk^  v.'i^d. 
»eeordingJj^  it  formed  the  greatest  difficulty  .id\\i  «B>\x^\xc^m^'c%)  \^ 
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tfac  DDBual  molion  of  the  earth.     Tlie  slteroattTO  ofeei 
it  Tiifl  necefairj,  either  to  full  back  upon  the  Pirfemit 
which  the  earth  w«a  slatioDBry,  or  to  snppose  that  tbi 
hange  of  posit  inn  of  tliceartb  in  the  course  of  h&lf  a  jiuj 
duce  no  disuovenible  change  of  appearance  id  the  start)  t 
involves  the  iofcrence  that  the  diiiueter  of  th«  vriA 
be  a  mere  point  compared  wiih  the  distance  of  tin  MUK 
ch  an  idea  appeared  so  tnadmissibte  thot  for  a  longpuM 
any  preferred  to  embrace  the  Ptolemaio  hypotheot,  boA 
H-itli  difficullicB  and  eontradic lions, 
ed  means  of  in  strum  ftotal  observation  anil  Diicroraetnal 

rmnuntcd     these    di9icultie<! ;    mid    the    parallax,   snafl 

d. 

!  HTiua}  piiTaUai.  —  Ptirathu-li-  eHijite.  ~~  To  render  thtx 
d  the  processes  by  which  they  have  bee.n  attained  inlel- 
must  resume  the  explanation  of  the  general  effects  of  ' 
■allai,  alrendy  briefly  given  (2442'). 

uiil  my  by  whirh  a  star  is  seen,  and  wbich  is  its  apparent 
is  carried  hy  the  annual   ninljon   of  the  earth   round  the 
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I  tfaroDgh  the  star;  ind  let  A  A' be  the  diameter 
of  the  circle  of  parallax  which  ie  at  right  ingteB 
to  that  plaoe.     When  the  lon^lnde  of  the  ann 
is  the  saiue  as  thst  of  the  itar,  the  apparent 
I    place  of  the  star  wilt  be  at  b',  that  extremitj  of 
'  e  diameter  B  b'  which  is  meet  remote  from  the 
id;  aod  when  the  longitude  of  the  aao  6x- 
I    oeede  that  of  the  star  by  180**,  it  will  be  at  B, 
the  extremitj  of  the  same  diameter  which  is 
I    nearest  to  the  ean.     Wlieo  the  loogitudo  of  tho 
n  exceeds  that  o^the  star  hy  90°,  the  apparent 
place  of  the  star  wilt  be  at  A',  the  eastern  ex- 
tremity  of  tho  diameter  a  a';    and  when   it 
Fig.  M7.  exceeds  that  of  ttic  star  bj  270°,  it  will  be  at 

A,  the  wGHtcrn  cxtreuiily.  It  appears  therefore, 
that  while  the  sun  raaltes  a  complete  revolution  of  the  ecliptio  from 
tlie  point  at  which  tt  hns  the  longitude  of  the  star  notil  its  rctam 
to  the  same  pohit,  the  star  appears  to  move  round  the  circle  of  the 
parallax  from  b'  in  tlie  dircclion  indicated  by  the  arrows,  taking 
miecessiicly  the  positions  p  and  tlie  angle  n'ep  or  the  are  b'j^, 
being  alwajs  equal  to  the  difference  of  the  longitudes  of  the  sun  and 
■tw  measured  from  the  star  in  tbu  order  of  signs. 

But  tho  plane  of  this  circle  a  li'  a'  u  being  p^inillcl  to  that  of  tho 
ecliptic,  will  be  inclined  to  the  surface  of  the  celestial  sphere,  at  an 
angle  equal  to  the  complement  of  the  latitude  of  the  etar)  and  by 
tbe  common  principles  of  projection  it  will,  when  projeoled  opticAlly 
OD  that  surface,  l>ecomo  an  ellipse,  of  which  the  major  axis  is  the 
projection  of  the  diameter  A  a',  and  is  parallel  to  the  ecliptic,  and 
tbe  minor  axis  that  of  b  b',  and  whicU  is  perpcndicniar  to  the 
•oltptic,  and  therefore  coincident  with  the  circle  of  latitude  of 
the  star.  The  diameter  A  a'  biding  parallel  to  the  sarfaee  on  which 
it  is  projected,  is  not  altered  in  apparent  magnitude  by  projection  ; 
bat  the  diameter  b  b'  is  diminished  by  projection,  in  the  ratio  of  the 
nne  of  the  star's  latitude  to  1. 

In  the  figare,  this  ellipse  ia  represented  above  tbe  cirele  of 
p»nllax. 

It  will  be  apparent  that,  whea  the  star  is  projected  on  b  or  B*, 
ita  longitude  is  not  affected  by  parallax,  but  its  latitnde  ia  increased 
by  8  B  at  B,  aod  diminished  by  s  B*  at  b'.  In  like  manner,  when 
tbe  star  is  seen  at  A  or  a',  its  latitude  is  not  affected  by  parallax ; 
but  its  longitude  is  increased  by  sa' at  a',  and  diminiabcd  bySA 
at  A. 

When  tbe  star  is  seen  at  any  of  the  intermediate  poinla  p  of  tbe 
parallactic  ellipse,  it  is  affected  by  parallax  both  in  \bx\Vq.'^«  «.w^ 
fooffiiude,  e  n  being  tbe  parallax  in  loDgitode,  mi  p  u  &«^  -^tt^^xil 
in  btituda 
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mere  inspection  of  the  fignre  it  will  be  »pp<ui?iil,  that  tbe 
u   loogimde   an   is  not  affected  by  projertioD,  heiog  (be 
e  parollactie  circle  as  in  the  ellipse;  but  that  the  fmOa 
0  paie  reduced  in  the  ratio  of  the  sine  of  the  eter**  ]a& 

sy,  and  in  Bonic  respecte  dearer,  to  express  IhcM  nlitka! 
mbola  of  aritbnielie.      Let  u  be  (he  excess  of  the  nm'i 
above  thut  of  the  htar,  let  a  be  the  angle  which  the  ndiu 
reic  of  parallax  subUjuds  at  the  earth,  and  let  x  be  tk 
f  the  slar.      The  angle  tf  S7>  io  the  paraUactJc  drcle  wS 
d,  and  tbo  parallnx  in  longitude  s  n   will   be  s  X  din.  ■. 
lax  iu  latitude  nhieh  is  p  n  in  the  parallactjc  ellipu  iiiB 
s.  u-xsin.  X. 
the  Btar  ia  at  B  or  b',  cos.  u  =  1,  and  s  b'=  ^.X  uu.  x,  idJ 

Ea-f.vlriat</ <./ jMrnihnk  fllipse  depends  on  ita/i  ht^ 
he  ecceatricil;  of  Ihe  parallaetie  ellipse  increnses  astka 

tude  decreases.  If  the  siar  be  at  the  pule  of  the  ecliptic, 
of  the  circle  of  psrallai  being  parallel  to  the  surface  ef 
a\  Epbci-e,  it  is  Dot  iill^^ri'd  by  projtciioD  ;  and  the  appareGt 
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fipom  the  extreme  minuteness  of  its  rosgnitnde.  It  is  quite  certain 
that  tlie  quantity  we  have  designated  bj  «  in  the  preceding  para- 
graphsy  does  not  amount  to  so  much  as  1"  in  the  case  of  any  of  the 
muneioiu  stars  which  have  been  as  yet  submitted  to  the  course  of 
obterrmtion  which  is  necessary  to  discover  the  parallax.  Now,  since 
in  the  determination  of  the  exact  nranographical  position  of  a  star 
geooentrieally  and  heliocentrically  considered,  there  are  a  multitude 
of  diftnrbing  effects  to  be  taken  into  account  and  eliminated,  such 
an  preceaaion,  nutation,  aberration,  refraction,  and  others,  besides 
the  proper  motion  of  the  star,  which  will  be  explained  hereafter ; 
and  linoe  besides  the  errors  of  observation,  the  quantities  of  these 
■le  anbject  to  more  or  less  uncertainty,  it  will  astonish  no  one  to  be 
told  that  they  may  entail  upon  the  final  result  of  the  calculation,  an 
error  of  1" ',  and  if  they  do,  it  is  vain  to  expect  to  discover  such  a 
renduml  phenomenon  as  parallax,  the  entire  amount  of  which  is  less 
than  1". 

8300.  Mow  the  diittance  fs  inferred  from  the  parallax — -parol- 
liMdic  unit — If  in  any  case  the  parallax  or  the  quantity  which  in 
the  preceding  paragraphs  has  been  expressed  by  «,  and  which  is 
the  semi-axis  major  of  the  parallactic  ellipse,  could  be  determined, 
the  distance  of  the  stars  could  be  immediately  inferred.  For,  if  this 
▼alne  of  «  be  expressed  in  seconds  or  in  decimals  of  a  second,  and 
if  &  express  the  semidiaraeter  of  the  earth's  orbit,  and  D  the  distance 
of  the  star,  we  shall  have 

206265 

D=  R  X  . 

If,  therefore,  «  =  I"  the  distance  of  the  star  would  be  206265 
times  the  distance  of  the  sun,  and  siuce  it  may  be  considered  satis- 
faotorily  proved  that  no  star  which  has  ever  yet  been  brought  under 
observation  has  a  parallax  greater  than  this,  it  may  be  affirmed  that 
ihe  nearest  star  in  the  universe  to  the  solar  system  is  at  a  distance 
at  least  206265  times  greater  than  that  of  the  sun. 

Let  ns  consider  more  attentively  the  import  of  this  conclusion. 
The  distance  of  the  sun  expressed  in  round  numbers  (which  are 
■nffieient  for  our  present  purpose)  is  95  millions  of  miles.  If  this 
be  multiplied  by  206265,  we  shall  obtain — not  indeed  the  distance 
of  the  nearest  of  the  fixed  stars — but  the  minor  limit  of  that  dis- 
tance, that  is  to  say,  a  distance  within  which  the  star  cannot  lie. 
This  limit  expressed  in  miles  is 

D  =  206265  X  95,000,000  =  19,595,175,000,000  miles, 

or  nearly  twenty  trillions  of  miles, 

8301.  Motion  of  light  supplies  a  convenient  unit  for  the 
itdhr  distance, — In  the  contemplation  of  such  numbers  the 
imagination  is  lost,  and  no  other  clear  conception  remains,  ex- 
cept of  the  mere  arithmefical  expression  of  iW  t^xiXX.  ^l  ^^ 
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th  BtopendouB  nunbers,  are  compelled  to  seek  for  uniu 
iunale  raaf;nilu<le  to  bring  the  arithmetical  exprcaaMirf 
iiies  within  moderate  limits.     The  motion  of  light  rep- 
of  the  most  convenient  mwloli  for  this  purpose,  ittd  hii 

cct  is  to  gnage  the  universe.     We  have  shown  that  ligkt 
the  rale  of  192000  miles  per  sdcodJ.     If,  then,  tlie  di* 
bove  computed  be  divided  b;  192000,  the  quotient  «i!l 
lie,  expressed  in   scouods,  which  light  takes  to  more  oru 
ICC.      But  since  even  this  will  be  an  unwieldj  nnmbw,  it 
duccd  to  minutes,  hours,  days,  or  even  to  yean. 
miDiier  we  find  that,  if  any  star  have  a  paraiiai  of  1",  il 
,t  such  B  distance  from  our  system  that  light  would  like     ' 
.rs,  or  three  jcars  and  eighty-Gve  days,  to  come  from  it  to     ' 

ipace  through  which  light  moves  io  a  year  be  taken,  there- 
ie  unit  of  stellar  dislunce,  sod  m  be  the  paraUaK  esprcMcd 
a  or  decimals  of  a  second,  we  shall  have 

;;2g5 
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was  eairied  oo  throngfa  the  year ;  and  if  the  earth's  change  of  poei- 
^on,  by  reason  of  its  annual  motion,  should  produce  any  effect  upon 
the  a|yparent  position  of  the  stars,  it  was  anticipated  that  such  effect 
would  be  discovered  by  these  means.  After,  however,  making  all 
allowanoo  for  the  usual  causes  which  affect  the  apparent  position  of 
the  stars,  no  change  of  position  was  discovered  which  could  be 
aaBigned  to  the  earth's  motion. 

8303.  Profestor  Hendenaii^s  ducoven/  of  the  parallax  of  a 
CaUauri.  —  Notwithstanding  the  numerous  difficulties  which  beset 
the  solution  of  this  problem,  by  means  of  observations  made  with 
the  oidinary  instruments,  Professor  Henderson,  during  his  resi- 
dence as  astronomer  at  the  Royal  Observatory  at  the  Cape  of  Good 
Hope,  succeeded  in  making  a  series  of  observations  upon  the  star 
designated  a  in  the  constellation  of  the  Centaur,  which,  being  after- 
wards submitted  by  him  to  the  proper  reductions,  gave  a  parallax 
of  1".  Subsequent  observations  made  by  his  successor,  Mr.  Maclear, 
at  the  same  observatory,  partly  with  'the  same  instrument,  and 
partly  with  an  improved  and  more  efficient  one  of  the  same  class, 
have  fully  confirmed  this  result,  giving  0*9128;  or  jfths  of  a  second 
as  the  parallax. 

It  is  worthy  of  remark,  that  this  conclusion  of  Messrs.  Henderson 
and  Maclear  is  confirmed,  in  a  remarkable  manner,  by  the  fisict  that 
like  observations  and  computations  applied  to  other  stars  in  the 
vicinity  of  a  Centauri,  and  therefore  subject  to  like  annual  causes 
of  apparent  displacement,  such  as  the  mean  annual  variation  of 
temperature,  gave  no  similar  result,  showing  thus  that  the  displace- 
ment found  in  the  case  of  a  Centauri  could  only  be  ascribed  to 
parallax. 

Since  the  limits  of  error  of  this  species  of  observation  affecting 
the  final  result  cannot  exceed  the  tenth  of  a  second,  it  may  then  bo 
assumed  as  proved,  that  the  parallax  of  a  Centauri  is  I'',  and  conse- 
quently that  its  distance  from  the  solar  system  is  such  that  light 
must  take  3*235  years  to  move  over  it. 

3304.  Differential  method.  — In  the  praotioal  uppIioaftioQ  of  the 
preceding  and  all  similar  methods  of  ascertaining  the  stellar  paral- 
laxy  it  must  not  be  imagined  that  every  apparent  deviataoD  from  a 
fixi^  position  that  may  oe  observed,  is  to  be  immediately  placed  to 
the  account  of  paralUx.  There  are  a  great  number  of  oth^r  causes 
of  apparent  displacement,  which  must  first  be  allowed  for;  and  it  is 
only  after  eliminating  these,  and  discovering  the  qoaniiiy  and  direc- 
tion of  the  residual  displacement,  that  we  are  in  a  position  to  pro- 
nounce upon  the  existenoe  and  quantity  of  the  panllaz.  Bat  in  all 
each  calculations  the  various  quantities  to  be  thns  taken  into  ac- 
oount  and  previously  eliminated,  are  subject  to  errors,  small  in 
magnitude  it  is  true,  but  still  great  enough  on  the  whole  to  absorb 
the  entire  amount  of  a  residual  phenomena  «o  m\nu\A  ^  \3gl^  ^^jiS^ox 
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of  tliia  clsiv  of  e: 


i,  tber 


others  vbieb  do  m 


nIc  the  discovery  of  a  i^uantity  bo  ezcecdingtj 

which  have  a.  very  different  origin.     Alt  utn*- 

linatrunienta  arc  eipoEcd  to  uDcertaio  atid  rarisble  chtnget 

ture,  which  cause  tbu  mulcrisls  of  which  they  are  coo- 

mdergo  equally  unccTtaia  and  variable  eipanaoai  and 

a.      The  piers  of  et«ne-work  to  ffhich  they  are  attached, 

I  very  foundutioD  od  which  these  piers  rest,  is  liable  to  that 

'  ich   more  especially  affect  the  result  of  the  coroparisoQ 

ODS  made  at  iotervals  of  six  months,  and  thrrcfiin  (t 

sons  of  th*  year  when  the  effectc  of  difference  of  tem- 

:  the  most  aggravated.     "  Ileoce,"  as  Sir  John  Her- 

■es,  ■'  arise  slow  oscillatory  inoveuieDts  of  e«ceedioglj 

^mount,  which  levels  and  plumb-lines  afford  but  very  inio- 

s  of  detecting,  and  which   being  aim  annual  in   their 

rejecting  what  is  merely  casual  and  momentary,)  mil 

jately  with  the   matter  of  our  inquiry,"  and  gire 

e  espe'nally  IJnble  to  bo  mistaken  for  those  of  stellar 
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indnded  with  s  in  the  field  of  the  telescope ;  and  let  s^  he  another 
ritaate  in  the  same  circle  of  latitude,  and  therefore  having  the  same 
longitude  aas,  and  also  so  near  to  8  as  to  he  included  in  the  field 
of  view  of  the  telescope. 

Let  na  auppose  for  the  present,  that  the  stars  s'  and  8^  have  no 
Btesible  parallax,  and  therefore  undergo  no  apparent  change  of  po- 
ntion  throughout  the  jear.  From  what  has  heen  already  explained, 
it  will  be  evident  that  the  apparent  place  of  8  will  be  a',  when  the 
iod's  longitude  exceeds  that  of  the  star  hy  90° ;  it  will  be  b,  when 
it  exceeds  it  by  180° ;  a,  when  it  exceeds  it  by  270° ;  and  b',  when 
the  aan^B  longitude  is  the  same  as  that  of  the  star.  The  semi-axis 
major  8  a  of  the  parallactic  ellipse  is  the  actual  parallax,  or  the 
angle  which  the  semi-diameter  of  the  earth's  orbit  subtends  at  the 
star.  Let  this  be  expressed  by  «.  8  B  the  semi-axis  minor  will  be 
found  by  multiplying  this  last,  by  the  sine  of  the  star's  latitude,  as 
has  been  already  explained.  Let  this  latitude  be  expressed  by  x ; 
we  shall  therefore,  have 

BA  =  flr|     8B  =  flrX  sin. 3^. 

Lei  8'a  =  D;  b'a'  =  d,  and  b'  s  =  a.  Since  8  a  =  8A'  =  ar, 
we  shall  have 

A  =  }(D  +  (Q,  m  =  i(p  —  d); 

that  IB,  the  true  distance  between  the  stars  8  and  s'  is  half  the  sum 
of  their  apparent  distances  at  the  times  when  the  difference  be- 
tween their  longitude  and  that  of  the  sun  is  270°  and  90°,  and 
the  parallax  of  8  is  half  the  difference  between  the  same  apparent 
diatanoes. 

In  like  manner,  let  a"  b'  =  i/,  s''  B  =  d',  and  s"  8  =  A,  and  we 
shall  have 

A' SB  }  (1/ -f  d'),  «  X  sin.3L=}(i/  — d'); 

that  is,  the  true  distance  is  half  the  sum  of  the  apparent  distances 
when  the  difference  of  longitude  of  the  sun  and  star  is  0°  and  180°, 
and  the  parallax  is  half  the  difference  of  the  same  distances  divided 
by  the  sign  of  the  star's  latitude. 

It  is  evident,  therefore,  that  under  the  supposition  here  made  of 
the  absence  of  all  sensible  parallax  in  the  subsidiary  stars  s'  and 
i^',  the  actual  parallax  of  the  star  8  would  be  found  by  measuring 
with  the  micrometer  the  distance  between  the  stars  8  and  b',  at  the 
epochs  when  the  sun's  longitude  differs  from  that  of  the  star  by 
90''  and  270°. 

In  like  manner,  the  parallax  would  be  found  by  comparing  the 
star  8  with  the  star  s"  at  the  epoch  when  the  difference  between  the 
longitude  of  the  sun  and  that  of  the  star  is  0°  and  180°. 

It  18  evident,  that  the  four  observations  here  indicated,  two  upon 
eMcb  of  the  atara,  will  be  made  at  intervals  of  \\\t^«  m^uXNi't^.^  ^^cNet- 
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thst  of  ^  tUr  by  0*1  M°*  ISC,  t^  £»•.  r^        - 

Tk«  praeuion  witli  which  micrometrical  meBanrciDeiita  can  U 
rifeetod,  vhaa  applied  to  two  or  more  objects  which  are  sinnW 
I  in  the  field  of  view  of  the  telescope,  reodcn  tkii 
Krvation  snaceptible  of  estntordinarj  ezBclnea.    & 

i  with  the  obvions  adTootage  of  being  totilij  indt- 

paadest  cf  ill  disturbing  c&nsea  which,  m  thie  case,  equally  i8i«t 
all  the  (AtlMtB  present  BimultuDeODalj  in  the  field  of  view ;  thus  ill 
tlw  DDoeitaiDtics  stteoding  the  effects  of  refraction,  abemiim, 
pwowrion,  tnfetion,  kc,  may  be  here  discarded,  as  Bot  iiiterfenii| 
in  anj  wu' viUi  the  Goal  result  of  the  obseiraliaoa. 

8806.  FbtiHi,n  mi'rromcler.  iU  applkolion  to  fhia  proWm — 
But  these  an  bot  the. only  iodications  of  the  stellar  [arallu:  pn- 
WDted  bj  tiui  method  of  obseryndoD.  Aa  amngeineDt  pn>Tid(d 
in  the  mianmttors  np{>licd  on  the  eve-piece  of  the  aetronoraietl  ifr 
■tniment,  lOiiplLca  the  obfiervor  with  the  means,  not  only  of  nu^ 
mring  the  apparetit  distaneo  between  two  or  more  ptoiota  which  an 
present  simDitantously  in  the  field  of  vievr,  but  aI«o  the  direi-U'.ii 
of  the  line  joining  these  two  poinli  with  rdalion  to  KHne  isti 
direction,  Eucfa,  for  example,  ii  a  parallel  or  a  perpmdwalar  b>  iW 
ecliptic.  Thos,  when  the  star  B  is  seen  at  A,  the  dinetion  of  tbt 
line  joining  it  with  the  star  b',  is  parallel  to  ihe  ecliptio ;  bnt  wha 
it  is  seen  at  b,  the  line  b  ^  joining  it  with  the  star  9  in  inelined  k 
the  ecliptic  at  the  angle  b  s'  b. 

The  miorometrie  appuntna  joat  indieated,  which  from  its  bsi  i 
called  tbepogilioH  mirromettr,  enables  the  obeerrM'  to  measure  «ilk 
the  greatest  precision  the  angle  B  s"  s,  and  in  like  manner  to  n* 
snre  the  equal  angle  b'  a*  B  when  the  star  s  is  seen  at  the  low 
point  b"  of  the  parallactic  ellipse. 

The  same  apparatus  enables  the  observer  to  measure  the  n^ 
A  a"  B,  whiob  the  line  joining  the  stars  e  s'  when  the  sun's  lo^ 
tttda  exceeds  that  of  the  star  by  90°  makes  with  a  pcrpendienlv  ■> 
the  ecliptic,  thai  Is,  the  angle  a  s"  8,  and  in  like  flUDDer  he  M 
measare  the  aogle  a'  s"  8. 

Let  the  angle  B  s*  8  ^  t)  snd  let  the  angle  As^Bfx^;  we^ 
then  have 

•  X  sin.  X  =  J  (D  +  (f)  X  tan.  f , 

•  =i(D'+<f)  X  tan.f. 

If,  therefore,  tl)e  angles  f  and  f'  be  ascertaiaed,  they  snf^ 
farther  data  by  which  the  results  of  the  combined  observations  i^ 
be  verified. 

If  Ihe  Bubnidiary  stars  b'  and  ff'  be  not  in  the  exact  p(»iUon  h* 
assumed,  bnt  have  latitudes  and  longitudes  differing  more  or  )* 
from  those  of  l^ift  atai  a,^  <^i«don  will  be  aomewhnt  modil^ 
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3306.  due  of  two  itan  hamng  equal  para/lax.  —  If  the  two 
•t«ra  Ken  at  once  in  the  field  of  view  of  the  telesoope  have  equal 
paiallazes,  both  being  sensible,  the;  vill  appear  to  describe  similar 
patsllactie  eUipaea,  and  will  from  tima  to  time  occnpj  umilar  pou- 
tiona  in  tb«M  ellipaM,  aiDoe  thrir  poatioo  will  be  detemiined  b;  the 
differenoe  of  bngitodM  of  tlu  sua  ud  tlie  atan.  It  follows  from 
tkia,  tbat  the  fiiui  drawn  from  the  oentrea  of  the  paiallaetio  ellipses 
to  an^  aimnllMMOna  pontiona  of  the  atan  in  tbeae  ellipaes,  will  be 
parallel  and  equal;  and  oonsequentlf  the  line  joining  the  stars  will 
always  be  penulel  to  the  major  aus  of  tbe  ellipaa  aira  always  equal 
to  the  tma  distanoe  between  the  atara.  His  will  eiailj  be  compre- 
hended byiefeienoe  to^.  870,  where  b  and  t  are  the  trae  positions 


Vig.S7<l. 

of  the  stats,  and  A  B  a'  B^,  and  ab<^  I/,  the  two  parallaotio  ellipses, 
and  P  and  p  simnllaneous  posiuons  of  the  stars  in  these  ellipses. 
The  semi-diameters  B  F  and  ap  being  psrallel,  it  is  evident,  that  pp 
will  be  equal  to  b  i,  that  is  to  say,  the  apparent  distance  between 
the  stars  will  be  equal  to  the  true  distance  between  them ;  and  the 
line  P^,  joining  the  simullaocous  pasitiong  of  the  stars  will  be  con- 
stantly parallel  to  the  line  e  i,  that  is,  to  the  ecliptic.  But  if  the 
star  t  be  not,  as  here  supposed,  in  the  same  parallel  to  the  ecliptic 
with  the  star  a,  the  same  will  nevertheless  be  true,  the  lino  joining 
the  apparent  places  of  the  two  stars  being  always  parallel  to  the 
line  joining  their  true  pUccs.  It  is  evident,  therefore,  that  if  the 
two  stars  thus  compared  had  exactly  equal  parallaxes,  which  they 
wonld  have  if  they  were  at  exactly  equal  distances  from  the  solar 
system,  this  method  of  observation  would  Dot  supply  any  meaoa  of 
determining  the  common  value  of  their  parallax. 

S30T-  Cane  in  which  they  have  unequal  paraUaxci.  —  Bat  if 
while  the  parallax  of  the  subsidiary  star  is,  on  the  one  hand,  not 
absolutely  insensible,  as  first  supposed,  nor,  on  the  other,  equal  to 
that  of  the  principal  star,  hot  it  is  much  less  than  that  of  the  prin- 
mpal  star,  then  the  subsidiary  star  will  appear  to  move  in  a  paral- 
lactic ellipse  proportionally  smaller  than  that  of  the  principal  star. 

Ijct  aba'b',/^.  871,  be  the  parallaotio  elUpK  of  \\l«  ^^i.<a.'^ 


■ 

^^^^^^^■^ 

ASTROSOUY.        •^^•* 

t  aba'  h'he  the  pirallactio  ellipse  of  the  subsiditry  ttB, 
mplily  tho  esplanalioa  we  will  suppose,  aa  before,  to  bt 

Fig.  371. 

le  parallel  to  tho  ecliptic  with  the  prinoipkl  star.     Since 
ars  have  the  same  latitude,  their  pBrallaetio  ellipse*  will  b« 
1(1  their  minor  ues  will  coQFiequeDtly  bear  the  same  rado 
njor  Mes,  aa  represented  io  the  figure.    The  simultuDeooi 
the  two  stura  io  the  parallaoiic  ellipses,  will  also  be  snch- 
imi-diameter  of  the  ellipses  s  P  and  iji  which  pass  through 
always   be   parallel.      But  sinee,  in   this   case,  ip  will 
!pb<i  (ban  B  p,  the  line  P p,  which  joins  the  EimuIUDeous 

■ 

8TSLLAR  PARALLAX  AND  DISTANCE. 


the  gnat  nultitiide  of  Btan  to  which  iDstramentfl  of  observation  of 
unlooked-for  perfection,  in  the  hands  of  the  most  able  and  zealons 
obeervers,  have  been  directed,  the  results  of  all  such  labours  have 
hitherto  been  qtlber  BMttive  than  poeitivis.  The  means  of  obser- 
vation hav«  been  ao  pemet^  and  their  application  so  extensive,  that 
it  may  be  eoDaderea  as  proved  by  the  abeenee  of  all  measureable 
displaoement  oonaeqnent  npon  the  orbital  motion  of  the  earth  that, 
a  very  few  individnal  ataia  excepted,  the  vast  multitude  of  bodies 
which  compoie  the  univene  and  which  are  nightly  seen  glittering 
in  the  finMunent|  are  at  distances  from  the  solar  system  greater 
than  that  whidi  wonid  produce  an  apparent  displacement  amounting 
to  the  tenth  of  a  second.  This  limit  of  distances  is,  therefore,  ten 
parallactic  units,  or  about  two  million  times  the  space  between  the 
earth  and  sun. 

Within  this  limit^  or  very  little  beyond  it,  nine  stars  have  been 
fonnd  to  be  placed,  the  nearest  of  which  is  that  already  mentioned, 
of  which  ProfesBcr  Henderson  discovered  the  parallax.  Those  of 
the  others  are  dne  to  the  observations  of  Messrs.  Bessel,  Struve, 
and  Peters.  In  the  following  Table  the  parallaxes  of  these  stars 
are  given  with  their  corresponding  distances  expressed  in  paralbctic 
units,  and  also  in  the  larger  unit  presented  by  the  distance  through 
which  light  moves  iir  a  year. 

TABLE. 
Nine  Start,  with  their  ascertained  Parallaz  and  corresponding  Distances. 


tter. 

Panllw. 

DUtaac*. 

ObMnr«r. 

Sun't  dnt.  »  1". 
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m  nmttuul 

WIS" 

226016 

8-64326 

Bcndtrwn. 

Al  Cranl  ...••••••••• 

0-848 

602712 

0-28680 

BmmL 

m  f^mi. ••••••• 

0-261 

790280 

12-80400 

StruTe. 

g|ri«ui 

0-230 

800780 

14-0660 

Heodnacm. 

18S0  GroomWdg* 

0-226 

012600 

14-3140 

Pttcn. 

(   UIMB  *••••.....••••• 

0*188 

1660800 

24*3280 

Peten. 

MtrnXUfOM  ••M.««««M* 

0-127 

1624100 

25*4725 

»>  -*  — 
Jrlvttf. 

Foboii... 

onm 

8078400 

48*2888 

P«tm. 

oipMia«.........MM. 

0-046 

4484000           1          78-6400 
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placed  at  the  same  distance ;  or  objects  generally  of  tbe  same 
of  magnitude,  placed  at  a  great  diversity  of  distances, 
these  two  suppositions,  the  latter  is  infinitely  the  more  pro- 
and  natural ;  it  has,  therefore,  been  usually  adopted :  and  we 
lingty  oonsideT  the  stars  to  derive  their  variety  of  lustre 
\%  entirely  from  their  places  in  the  universe  being  at  various 
loes  from  us. 

11.  Stars  as  distant  from  each  other  generally  as  they  are 
the  sun.  —  Taking  the  stars  generally  to  be  of  intrinsically 
brightness,  various  theories  have  been  proposed  as  to  the  posi- 

which  would  explain  their  appearance ;  and  the  most  natural 
probable  is,  that  their  distances  from  each  other  are  generally 
,  or  nearly  so,  and  correspond  with  the  distance  of  our  sun 
the  nearest  of  them.  In  this  way  the  fact  that  a  small  num- 
f  stars  only  appear  of  the  first  magnitude,  and  that  the  num- 
Dcreases  very  rapidly  as  the  magnitude  diminishes,  is  easily 
red  intelligible. 

12.  Why  stars  increase  in  number  cls  they  decreate  in  magnu 
—  If  we  imagine  a  person  standing  in  the  midst  of  a  wood, 
nnded  by  trees  on  every  side  and  at  every  distance,  those 
1  immediately  surround  him  will  be  few  in  number,  and  by 
mity  will  appear  large.  The  trunks  or  stumps  of  those  which 
ly  a  drouit  beyond  the  former,  will  be  more  numerous,  the 
it  being  wider,  and  will  appear  smaller,  because  their  distance 
eater.  Beyond  these  again,  occupying  a  still  wider  circuit, 
appear*  a  proportionally  augmented  number,  whose  apparent 
itude  will  again  be  diminisheid  by  increased  distance ;  and  thus 
arees  which  occupy  wider  and  wider  circuits  at  greater  and 
sr  distances  will  be  more  and  more  numerous,  and  will  appear 
lually  smaller.  It  is  the  same  with  the  stars ;  we  are  placed 
le  midst  of  an  immense  cluster  of  suns,  surrounding  us  on 

side  at  inconceivable  distances.  Those  few  which  are  placed 
diately  about  our  system,  appear  bright  and  large,  and  we  call 
stars  of  the  first  magnitude*  Those  which  lie  in  the  circuit 
id|  and  occupy  a  wider  range,  are  more  numerous  and  less 
t;  and  we  call  them  stars  of  the  seoond  magnitude.  And 
is  thus  a  progression  increasing  in  number  and  distance  and 
lishing  in  brightness,  until  wo  attain  a  distance  so  great  that 
tars  are  barely  visible  to  the  naked  eye.  This  is  the  limit  of 
I.  It  is  the  limit  of  the  range  of  the  eye  in  its  natural  con- 
I ;  but  an  eye  has  been  given  us  more  potent  still,  and  of  in- 
y  wider  range  —  the  eye  of  the  mind.  The  telescope,  a  crea- 
of  the  understanding,  has  conferred  ""upon  the  bodily  eye  an 
;dy  augmented  range,  and,  as  we  shall  presently  see,  has 
ed  us  to  penetrate  into  realms  of  the  universe,  which,  without 
^  would  Dever  bBve  been  known  to  ua.    But  \«t  ta  "^^^oAib  Vit 


■>hB  |Wrt  Md-iiwJt  l»  ■  MBWi  u  t  apon  that  range  of  «fntt«UA 
OOIBM  witUn  A«  Hopt  of  Mfeml  vision, 

8118.  m^  an  Aa  A|a2  Hfen.r— The  extent  of  the  Btelbr 
wJiMM  -wiMU  to  Um  Baud  m  and  the  amogprneDt  of  tUtn  b 
UaaiihtirrdkliTadiitaBaHbUve  just  been  eiplun^.  Bat  nri- 
vitf  wDl  ba  iwikwai  la  ointiver,  not  merelj  the  po^dw  tad 
■mamMut  ct  Dmm  bofiM,  bvt  to  ascertain  what  is  ibeir  Ditmr, 
aad  «W  puli  tbay  play  sa-Ae  great  theatre  of  creation,  An  ' 
tbn  aaakgOM  to  mr  plaaalaf  Are  thej  iDb&bited  globes,  nrnud 
■MiU^iB>t«d1^iiM(|^bonitag  suns?  Or.  od  the  other  baud,  in 
thaj  tbenaalvH  amw,  oi^nriDf  ligbt  sod  life  to  systems  of  tn- 
Idif 


M14.   TUneMMt  A  in<  aiBjii»';>  ihtm  like  the  planeu.  —  Whn 
ft  tdMopa  ia  dnaokad  to  a  alar,'  the  ef 


^ ,       a  effect  produce<l   is  strilioglT 

dilinBt  flrato  that  wUak  «a  lad  when  it  is  applied  to  a  planet  A 
plaii*,  to  tha  aakai  aya,  vitt  one  or  tvo  exceptions,  appeara  lilnt 
eoBBrao  atar.  Tba  tolaaeopa^  honevcr,  immediate];  presents  il  U 
oi  with  a  Artioot  draalar  AA  amilar  to  that  wbicb  the  mooo  off*n 
to  tba  nakad  afa,  and  ia  tba  CMa  of  some  of  the  planets  a  ponerfsl 
talMoope  will  render  them  apparaiitiv  tma  largor  than  ttia  aoH. 
But  the  eflfect  is  very  different  indoed  when  th«  sama  inalniBeat  -« 
directed  eren  to  the  brightest  star.  We  find  th«t  inrtead  d  mtf 
nifying,  it  actnallj  diminishes.  There  i>  an  optical  illnnoD  fi» 
dneed  when  w«  behold  a  atar,  whi^  malec  it  appear  to  na  to  W 
sarronnded  with  a  radiation  which  causes  it  to  be  rapnaentad  aba 
drawn  on  paper,  by  a  dot  nith  taja  divei^ng  on  averj  aide  fioa  fc- 
The  effect  of  the  telescope  is  to  cnt  off  this  radiatioD,  and  pnaal 
to  n*  the  utar  as  a  mere  lurid  point,  harine  do  aeuaible  BM^ilalll 
nor  can  any  augmented  telescopio  power  which  baa  jet  baea  naHM 
to,  produce  any  other  effect.  Telescope  powers  amounting  to  d( 
tbonsand  were  oooasionaily  nsed  by  Sir  William  Honebol,  aal  ki 
atoted  that  with  these  the  apparent  magnitude  of  tha  ataia  aaMHl 
lav,  if  possible,  than  with  lower  powers. 

8315.  The  abtence  of  a  ditkproved  ly  <Xeu-  ooaiftatiomlgtt 
moon.  —  We  have  other  proofs  of  the  fket  that  the  alata  baia  M 
aentible  disks,  among  which  may  be  mentioned  the  maailEilb 
efiect  called  the  occnltation  of  a  star  by  the  dark  edge  ol  tha  mm- 
When  a  moon  is  a  orescent  or  in  the  quarters,  aa  it  morea  ofwlftl 
firmament,  its  dark  edge  sucoessiTely  ap|»«aohea  to,  or  noedea  ft* 
the  stars.  And  from  time  to  time  it  happens  that  it  pamea  bataW 
the  Stan  and  the  eye.  If  a  atar  had  a  sensiUe  diak  in  thk  Oi^ 
the  edge  of  the  moon  wonld  gradually  cover  it,  and  the  atar,  iMli' 
of  being  iostantaneoualy  cztingviBhed,  would  gradoallj  illMmaa' 
Thin  is  found  not  to  be  the  oam;  the  sUr  preaerrea  all  itoMI 
tulil  (he  momanl  it  emuk  vato  awAMA^vtb  die  daric  adga  titr 
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moon's  disk,  Mid  then  it  is  instently  extingnished,  withoat  the 
sligbieflt  appoaranco  of  diminution  of  its  brightness. 

3316.  Meaning  of  the  term  magniiude  (u  applied  to  stars,  —  It 
maj  be  asked  then,  if  such  be  the  case,  if  none  of  the  stars,  great 
or  amall,  haye  anj  discoverable  magnitude  at  all,  with  what  mean- 
ing ean  we  speak  of  stars  of  the  first,  second,  or  other  orders  of 
magnitude  7  The  term  magnitude  thus  applied,  was  used  before 
the  invention  of  the  teleseope,  when  the  stars,  having  been  observed 
oolj  with  the  naked  eye,  were  really  supposed  to  have  different 
magnitudes.  We  must  accept  the  term  now  to  express,  not  the 
comparative  magnitude,  but  the  comparative  brightness  of  the  stars. 
Thus  a  star  of  the  first  magnitude,  means  of  the  greatest  apparent 
brightness ;  a  star  of  the  second  magnitude,  means  that  wluch  l^as 
the  next  deoree  of  splendour,  and  so  on.  But  what  are  we  to  infer 
from  this  singular  &ct,  that  no  magnifying  power,  however  great, 
will  exhibit  to  us  a  star  with  any  sensible  magnitude  7  must  we 
admit  that  the  optical  instrument  loses  its  magnifying  power  when 
applied  to  the  stars,  while  it  retains  it  with  every  other  visible 
otyect  ?  Such  a  consequence  would  be  eminently  absurd.  We  are 
therefore  driven  to  an  inference  regarding  the  magnitude  of  stars, 
as  astonishing  and  almost  as  inconceivable  as  that  which  was  forced 
upon  OS  respecting  their  distances.  We  saw  that  the  entire  mag- 
nitude of  the  annual  orbit  of  the  earth,  stupendous  as  it  is,  was 
nothing  compared  to  the  distance  of  one  of  those  bodies,  and  con- 
seqoentlj  if  that  orbit  were  filled  by  a  sun,  whose  magnitude  would 
therefore  be  infinitely  greater  than  that  of  ours,  such  a  sun  would 
not  nppear  to  an  observer  at  the  nearest  star  of  greater  magnitude 
than  1'^;  consequently  would  have  no  magnitude  sensible  to  the 
eytti  and  would  appear  as  a  mere  lucid  point  to  an  observer  at  the 
star!  We  are  then  prepared  for  the  inference  respecting  the  fixed 
stars  which  telescopic  observations  lead  to.  The  telesoope  of  Sir 
William  Hersohel,  to  which  he  applied  a  power  of  six  thousand, 
did  undoubtedly  magnify  the  stars  six  thousand  times,  but  even 
then  their  apparent  magnitude  was  inappreciable.  We  are  then  to 
infer  that  the  distance  of  these  wonderful  bodies  is  so  enormous 
compared  with  their  actual  magnitude,  that  their  apparent  diameter, 
seen  from  our  system,  is  above  six  thousand  times  less  than  any 
whioh  the  eye  is  capable  of  perceiving. 

8317.  Wh^  stars  may  he  rendered  imperaptihU  hy  their  dis- 
tance. — ^It  appears,  therefore,  that  stars  are  rendered  sensible  to  the 
cyci  not  by  subtending  a  sensible  angle,  but  by  the  light  they  emit 
It  has  been  already  explained  (1131)  that  an  illuminated  or  lumi- 
nous object^  such,  for  example,  as  the  inn,  has  the  same  apparent 
brightness -at  all  distances,  and,  consequently,  that  the  <|uantity  of 
light  which  the  eye  of  an  observer  receives  from  it  being  in  the 
tJLMOt  Tutio  of  the  Bppateni  area  of  its  visual  disk/ia  VoN^tOjeX^  %ab  ^^ 
III.  57 
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m  .liTtdiii™.     It  remains,  however  to  explain  how  h  on 
,!■   LI   PPBsea  lo  hiive  adiiik  of  eensiblediameter,  itiioM 
o  be  visible.     This  ariseB  from  the  f«ct  that  thi  lumiwnt 

at  image  baa  a  large   and  GCiwible  magnitude.     Th«  ejt 
a  ECiiHible  to  the  light,  though  not  seoMbie  to  tb«  nu^ 
be   image  ;   and   it  continues  to  be  sensible  to  th«  light, 

crease  of  distonee  the  lipht  wbicb  enters  the  pupil  and  a 
D  the  retina,  though   still  as  intense  in   lis  brilliancy  m 

Clnrsifii-iUion  of  tlars  by  nutipiitii^ft  arbitrary  ofld 
,  —  Tbe  distribution  of  the  stars  visible  to  the  naked  eje 
orders  of  magtjitude,  has  been  so  long  and  so  generallj 
nd  is  referred  to  so  universallj  in  the  works  of  ■strooo- 

ent  and  modern,  that  it  would  be  impossible  altogether  ta 
t,  and  if  possible,  eii<^b  a  change  would  be  attended  with 
□  vcDicno!.     Nevertheless,  this  ctnesifiealion   is  open  to 

ctions,  and  IB,  from  its  looseness  and  want  of  defioileness 
uD,  iu  singular  discordance  with  the  actual  state  of  asiro- 
ience.      The  stars  which  abound  in   such  countless  niim- 

MAOnrCDl  AKS  LDBTBB  07  THB  8TABB. 
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•a,  wbioh  fa  itMlf  011I7  u  indindiwl  of  tht  nme  efam  of  bodies, 
tbe  importMM*  of  tho  expedteote  fbr  tiio  mora  exact  Mtimfttioo  of 
tbeir  leUiivo  Inatn,  utd  a  mora  praoM  basis  of  claanficatioo  as  to 
af^pannt  magnitade,  cannot  fail  to  bo  felt  and  acknowledged.  Tba 
inportance  cff  this  ii  rendered  still  greater  b^  tbe  oODaideration  that 
As  panliaz  of  a  veij  small  number  of  stars  being  found  to  have 
•lipneiable  magnitode,  the  comparative  laatre  of  tbeae  bodies  taken 
in  th«  mass,  is  the  only  groEiDd  npoa  which  anj  aatimate  of  their 
Rladva  distanoei  can  be  determined ;  and  when  the  large  number 
iAM>  an  subject  to  obserration  is  oonsideied,  and  the  improbability 
of  tboir  diflbring  greatly  in  tntrinnc  mignitude  taken  coileotiTely 
in  nil  SI  II  I,  it  must  DC  admitted  that  their  relative  appannt  brigbt- 
noM  euinot  fiul  to  be  a  tolerably  exact  exponent  of  their  comparand 


8320.  Attroineter  contrived  and  applied  bi/  Sir  J.  Henekfl.  — 
Daring  hia  resklenoe  at  the  Cape,  Sir  J,  Heraohel  oontrived  an 
sppantns  fbr  the  more  exact  determination  of  the  relative  lustra  of 
tba  Stan,  and  applied  it  with  great  advantage  to  the  detenninatjon 
of  As  relatiTe  brightueas  of  a  consideiable  nnmber  of  tbeae  objccta. 
TUs  apparatus  coosiated  of  a  rectangular  glasa  prism,  and  a  lens 
•0  mounted  that  two  celestial  objects  might  be  soon  in  jaxta-position, 
cue  directly,  and  the  other  by  reflection  and  tnnamissioD  through 
the  prism  snd  lens,  the  apparent  brigbtnesa  of  the  latter  being 
capable  of  being  varied  at  pleasure  by  the  observer,  so  that,  by 
proper  adjustments,  the  two  objects  thus  seen  may  be  rendered  sen- 
sibly equal  in  brightness.  When  this  is  accompliahed,  the  arraoge- 
menta  of  tbe  apparatus  ore  sooh,  that  by  measuring  the  distance  of 
tba  eye  of  the  observer  from  the  focus  of  the  lens,  a  measure  may 
ba  obtained  by  which  the  comparative  lustre  of  any  objects  to  which 
the  apparatus  may  be  successively  directed  may  be  determined. 

To  render  this  intelligible,  let  V,Jig.  872,  represent  the  rectangular 
of  tbe  faces  of  which  u  placed  so  aa  to  ret  ' 


prism,  one  of  ti 


0  receive  a  pencil 
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rays  puring  fcom  a  diattnt  object  j  perpendiaalul*' 

e»e  rn;*  arc  (otxlly  reflected  (1006,)  by  the  back  of  tM 

?,  and  emerging  from  the  otiier  face  of  the  prism,  «ro  resa 

'  e  \eofi  L,  aud  brought  Ur  »  focua  F,  as  if  Ibey  came  fron  < 

DPP.     The   parallel  pencil  ia  thus  coDverted  into  ft^ 

Deil,  of  which  F  is  the  focus,  and  tbe  point  F  will  app 

e,  placed  any  nherp,  aa  at  8,  withio  the   Lmils  of  tbfli' 

as  a  star,  the  appnreDl  brightness  of  which  will  h 

cordiog  Bs  tbe  eye  is  nearer  to  or  more  distant  ft| 

psults  from   the  principles  of  optics,  that  the  apparent  1 

if  the  focal  point  f  will  be  inversely  as  the  square  of  tb 

E  r  of  the  eye  from  this  point.      If,  then,  M  express  thci 

Bustre  of  r  when  the  eye  ia  at  the  unit  of  distance  frotn  it^i 

y  D*  will  eipress  its  apparent  lustre  icbcn  the  eye  is  « 

DOW  suppose  the  apparatus  so  arraoged  ia  its  pal 
nrhile  tbe  eye,  placed  within  the  divergent  pencil,  sees  th 
';  may  also  see,  ia  juxta-position  with  it,  a  star  b,  whose  1i 
e  determioed.  Let  the  eye  he  moved  l«  or  from  F  until 
e  star  becomes  sensibly  equal  to  that  of  F.  If,  then, 
e  Htar  be  eipreased  by  s,  we  shall  have 


MAOiriTUDB  AKD  LUBAK  OF  THE  STARS.  677 

In  this  minner,  Sir  J.  Henehcl  ascertaiDed  nnmerically  the  com- 
tive  brightness  of  a  considerable  number  of  stars  under  the 
HVlh  magnitude,  and  baa  given,  in  his  <<Cape  Observations"  a 
Binlogaei  exhibitiDg  the  relative  magnitudes  to  two  places  of 


■  8821.  I^n/cipie  oh  which  the  9ucee$nve  order$  of  ttdlar  mag- 
Utmde  ahomid  he  based.  —  Astronomers  are  not  agreed  as  to  the 
MHcil  nonditions  by  which  the  successive  orders  of  stellar  mag- 
iDtiides  should  be  fixed.  It  might  appear,  at  first  view,  that  a  star 
if  the  second  magnitude  oueht  to  have  one  half  the  brightness  of 
Im  of  the  first  magnitude,  that  a  star  of  the  third  magnitude  ought 
li  have  one  third  of  the  brightness,  and  so  on. 
[  Bat  anch  a  proportion  would  not  be  at  all  in  accordance  with  the 
iOVmoD  classification  of  magnitudes. 

The  more  generally  received  condition  has  been  a  succession  of 
jMignitudes,  such  as  a  star  of  a  given  intrinsic  lustre  would  have  if 
IHBOTed  to  a  scries  of  distances  increasing  in  arithmetical  pro- 
^MBion.  Thus,  stars  of  the  first  magnitude  would  be  at  the  unit 
4(the  stellar  distance;  those  of  the  second  magnitude  would  have  a 
Jlitre  due  to  twice  this  distance ;  those  of  the  third  magnitude,  to 
three  times  this  distance,  and  so  on.  Now,  since  the  apparent  lustre 
of  an  object  is  in  the  proportion  of  the  inverse  square  of  the 
distance,  it  would  follow  that,  in  this  system,  the  succession  of 
brightness  would  be  as  the  numbers  1,  i,  ^,  i^,  and  so  on. 

Meanwhile,  whatever  may  be  the  principle  adopted  for  this  clas- 
Iffication,  the  astrometric  expedient  contrived  by  Sir  John  Herschel, 
$ang  Bu£Bcient  for  the  numerical  estimation  of  the  relative  bright- 
^essea  of  different  stars,  it  will  be  sufficient  to  determine  a  variety 
of  interesUoe  and  important  problems  respecting  the  absolute  lustre 
and  magnitudes  of  those  objects,  not  only  compared  with  each  other, 
but  with  the  sun. 

8322.  Comparative  lustre  of  a  Centauri  with  that  of  the  full 
moon.  —  By  means  of  the  instrument  described  above,  Sir  J. 
Herschel  compared  the  full  moon  with  certain  fixed  stars,  and 
ascertained,  by  a  mean  of  eleven  observations,  that  its  lUstre  bore 
to  that  of  the  star  a  Centauri,  which  he  selected  as  the  standard  star 
of  the  first  magnitude,  the  ratio  of  27408  to  1 ;  in  other  words,  he 
showed  that  a  cluster  consisting  of  27408  stars  equal  in  brightness 
to  that  of  a  Centauri  would  givo  the  same  light  as  the  full  moon. 

3323.  Comparison  of  the  lustre  of  the  full  moon  with  that  of  the 
tun.  —  Dr.  Wollaston  by  certain  photometric  methods  which  are 
txinsidered  to  have  been  susceptible  of  great  precision,  compared  the 
light  of  the  sun  with  that  of  the  full  moon,  and  found  that  the  ratio 
was  801072  to  1 ;  or  in  other  words,  that  to  obtain  moon-light  as 
intense  in  its  lustre  as  sun-light,  it  would  be  necessary  that  801072 
fall  moons  should  be  stationed  in  the  firmament  to^tibex. 
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a  the  Bun  and  the  star  ■  GeoUuri.     Sinee  it  appwra  tbtl 
of  <L  Ceotouri  is  27408  times  less  ti.a  that  of  the  Wl     | 
le  tbe  light  of  the  full  moon  i»  801072  times  ten  (fau 
e  a\iD,  iC  will  evidcotly  follow,  thai  if  we  express  bj  «  ihe 
e  Bun,  and  bj  i  that  of  a  CeDtanri,  we  shall  bava 
=  27408  X  801072  X  .  =  21955,000,000  X  t;               ' 

Ba;,  the  light  of  the  sua  is  very  ncarl;  22,000,000,000 
■e  intense  than  that  of  o  Centauri. 

cralise  these  results,  mi  eipress  the  ratio  of  the  light  of 
noon  to  that  of  any  star,  ai  determined  by  Herechd'i 

,  wc  shall  then  have, 

s  ^  801072  X  m  X  .; 
quently, 

8 

*       8(11072  X  m 
Comparison  of  the  intrinsic  iplenJour  of  the  tun  ai»d  a 

r.  —  Since  all  analogy  and  obscrvalion  lead  to  the  con- 
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the  mnkf  00  Ui«t  ife  shall  present  to  the  eje  the  same  apparent  Instre 
as  the  star,  for  in  that  ease  the  yisual  magnitude  of  the  son, 
whieh  could  be  caknlated  by  means  of  its  real  magnitude  and 
distaneei  would  necessarily  be  equal  to  the  visual  magnitude  of  the 
ilar.  In  this  manner,  a  visual  angle  too  small  to  be  asoertained  by 
direct  instrumental  measursnrant^  would  be  determmed  by  indirect 


Let  dsss  the  real  diameter  of  the  sun,  d  =  the  distance  to  which 
it  would  be  neoessary  to  remove  it  from  the  observer,  so  that  it 
might  present  to  the  eye  the  .same  sppearance  as  a  given  star,  and 
let  t  =  its  visual  diameter  at  that  distance.    We  diould  then  have^ 

f"  =  206265  X  d 


•9 

D 


and  t  would  then  be  the  visual  ansle  subtended  by  ihe  star,  if  the 
star  be  supposed  to  have  the  same  intrinsic  Instre  as  the  sun.  But 
if  the  star  be  supposed  to  have  a  greater  or  less  intrinsic  lustre  than 
the  sun,  then  the  visual  magnitiule  of  the  star  will  be  greater  or 

less  than  t* 

Although  the  sun  cannot  be  removed  to  increased  distances,  the 
same  qpti^  effect  may  be  produced  by  the  follpwiog  expedient. 

Let  A  B  0  D  be  a  tube  like  that  of  a  telescopci  furnished  with  a 


Fig.  878. 

diaphragm  at  B  c,  so  constructed  that  by  sliding  pieces  a  circular 
aperture,  having  a  diameter  variable  at  pleasure  within  practical 
limits,  may  be  made  in  its  centre.  Let  a  sliding  tube  having  an 
eye-hole  in  a  diaphragm  at  the  end  of  it,  like  that  in  the  eye-piece 
of  a  telescope,  be  attached  to  the  other  end  A  D  of  the  tube,  so  that 
the  distance  of  the  eve-hole  from  the  variable  aperture  m  n  may  be 
varied  at  pleatere  within  practical  limits.  It  is  evident,  that  the 
diameter  of  the  aperture  m  n,  and  the  distsnce  from  E  to  mn,  being 
known,  the  visusl  angle  subtended  by  m  »  at  E  will  be  determined. 
If  the  tube  thus  constructed  and  arranged  be  directed  to  the  disk 
of  the  sun,  a  circular  part  of  that  disk  having  any  desired  visual 
diameter,  can  be  made  visible  to  an  eye  plac^  at  E.  This  can 
always  be  accomplished  within  limits  by  the  variation  of  the  diame- 
ter mn  of  the  aperture^  and  the  variation  of  the  distance  of  E  from 
mn. 
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a  well-understood  principle  of  optics  (1182},  the  cirenkr 
1  aun's  disk  visible  through  the  aperture,  has  eiactl^  tie 
inmce  both  id  appuent  magnitude  aod   brightoess,  as  tbe 
would  have  if  it  were  removed  to  such  a  distance  fron 
er,  that  it  would  subtend  tbe  same  visual  angle  a*  thu 
by  the  aperture  wi  n  at  the  eye  K. 
tbe  npparatua  be  so  adjusted,  that  tho  apparent  Itistre  of 
if  tho  son  seen  throngh  the  aperture,  shall  be  e<)ual  u     1 

>rightncs3  of  any  star,  it  will  follow,  that  the  visual  angle 
by  the  aperture  seen  from  E,  will  be  equal  to  the  visu»l 
ended  by  the  star;  and  as  the  former  can  be  calculated 
g  the  real  diameter  of  tbe  aperture  and  its  distanoe  fma 
er  cau  be  inferred. 

proctjeal  application  of  this  methocl,  tbe  difficulty  arisei 
being  able  to  bring  the  luminous  poiut  seen  in  the  tube, 

be  observer  must  rely  upon  bis  judgment  and  memory  of 
iDt  brigUtncsa  of  the  stars,  to  determine  when  that  of  the 
point  seen  in  the  lube  is  equal  to  it. 
tt™porii^^^ft^uj^n^^ftn((iuj^^^her^ril^e 

XAGimuDi  Ajn.  Lmmi  of  thi  stars.  Wl 

Iter  u  foor  timef  thtt  of  •  Centeiiri.    For  the  Dog-eter  we  eliall 
luKfe,  therefore, 

^"^6,488,750,000' 


and  smoe  it  appears,  by  the  obeervatioiia  of  Peters,  that  the  paraUaz 
ef  thk  atar  18  0*230^,  ita  diatenoe  will  be  896800  aemidiameten  of 
the  earUi'a  orbit    We  ahall  oonsequentlj  haTO,  for  Sirius, 

896800*  ,^^e«* 

'^''°M88,750,000=^^^'^'* 

From  which  it  appears  that  Sirius  is  a  Bon,  whose  lustra  is  sueh 
as^  if  plaeed  in  the  ceotre  of  the  solar  ajstem,  woald  diffoMO  a  light 
to  the  sarrooDding  planets  146-53  timea  more  intense  than  that 
afibtded  by  the  actaial  sun.  If,  therefore,  the  intensity  of  the  lostra 
of-the  sorfaee  of  this  stopendoos  sphere  be  eqnal  to  that  of  the  sun, 
it  must  haye  a  diameter  12*11  times  greater  than  that  of  our  son ; 
and  once  the  diameter  of  the  latter  is  882,000  milee^  tha^  of 
Sirius  wonld  be. 

882000  X  1211  =3  10,676,600  miles. 

8829.  JMromeirte  (able  of  190  principal  flora. — In  the  fol- 
lowing teUe  (see  pp.  682--3,)  are  eolleeted  the  resolta  of  the  ob- 
ssrvatKms  of  Sir  J.  Herschel,  for  the  determination  of  the  relative 
hutre  of  190  principal  stars.  In  addition  to  their  aatrometrio  mag- 
nitndesy  as  determbed  by  Sir  J.  Herschel,  we  have  oompnted  from 
the  data  supplied  by  him,  their  relative  brightness  compared  with 
that  of  the  star  a  Centanri  as  a  standard,  and  also  their  light  in  bil- 
lioQths  of  the  light  of  the  sun. 

8330.  U$e  of  the  telescope  %»  iteUar  obdervatunu.  —  Since  no 
tdesoope,  however  gr^  mi^ht  be  its  power,  has  ever  presented  a 
fixed  star  with  a  sensible  disk,  it  might  be  inferred  t&at,  for  the 
purposes  of  stellar  investigation,  the  importance  of  that  instrument 
mnat  be  inferior  to  that  which  it  may  claim  in  other  applications. 
Nevertheless  it  is  certain,  that  in  no  department  of  physund  science 
haa  the  telescope  produced  such  wonderful  results  as  in  its  aj^lica- 
tion  to  the  analysis  of  the  starry  heavens. 

Two  of  the  chief  conditions  necessary  to  distinct  vision  are,  first| 
that  the  image  on  the  retina  shall  have  sufficient  magnitude ;  or, 
what  is  equivalent  to  this,  that  the  object  or  its  image  shall  subtend 
aft  the  eye  a  visual  angle  of  sufficient  magnitude  (1116);  and, 
secondly,  it  most  be  suffioieotly  illuminated  (1100).  When,  by 
reason  of  their  distance  from  Uie  observer,  visible  objects  fail  to 

•  Sir  J.  Henehel  makes  the  proportion  68-02  which  is  certainly  inoonrect, 
that  Mag  the  ratio  of  the-  intrliiBio  brightoeu  of  Sirius  to  that  of  «  Gea- 
immi  Mad  act  tbrnt  of  8Mub  U>  the  sun.    Bee  Aatronom^,  "^^  IblA^  «^X..\%A^« 
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r  both  of  these  mindttionR,  the  teleioope  is  eapahle  tf 

them.      It  augmeolfl  tlie  visual  angle  by  anlwtitoliog 

nt  object,   which    the    observer    cannot    sppronch,  in 

kge  of  it  close  to  bis  c;e,  which  fae  can  approach ;  and  it 

I  tbe  illumination  h;  collecUng,  on  each  point  of  incb 

I  mnny  fays  as  can  enter  the  apertnre  of  the  object  glass, 

"  Ditcd  number  which  can  enter  the  pnpit  of  th« 

nevcrtbetess,  beiog  naile  for  tbe  light  lost  bj 

Ifrom  Ibo  surfaces  of  the  lenses,  and    by  tbe  imperfect 

licy  of  Ihcir  tnatcrial. 

rca^e  of  the  viHual  nng^Io  h  determined  by  tbe  ratio  of  tlM 

h  of  the  object  glasa  to  that  of  the  eye  glaRs  (1212),  and 

e  of  illumiaation  is  determined  by  tbe  ratio  of  tbe  area 

re  of  (be  object  glares  lo  that  of  tbe  pupil,  whicb  aieu 

lal  to  tbe  squares  of  the  diameters  of  tbe  object  gliM 

liupil.     Tbe  illumination  will,  therefore,  vary  in  the  ralia 

a  of  the  aperture  of  ibe  telescope. 

I  the  effect  of  the  telescope  applied  to  stellar  obserra- 

lUQ  or  any  similar  object  be  imagined  to  be  IransferTed 

icreasod  distance  from  the  observer.      The  effect  will 

visual  diameter,  and  a  correspondiog 
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greater  and  greater  distances,  the  image  on  the  retina  will  be  pro- 
portionally diminished  in  magnitude;  but  as  its  magnitude  has 
already  oeased  to  be  sensible  because  of  its  minuteness,  this  decrease 
of  magnitude  will  necessarily  also  be  insensible.  But  the  total 
quantity  of  light  falling  upon  the  retina  will  also  be  decreased, 
and  this  decrease  will  be  in  the  ratio  of  the  increase  of  the  square 
of  the  distance.  Now,  since  the  apparent  brightness  of  the  lumi- 
nous point  to  which  the  sun  would  be  in  this  case  reduced,  must 
depend  altogether  on  the  total  quantity  of  light  falling  on  the  retina 
this  brightness  will  be  in  the  inverse  ratio  of  the  square  of  the 
distance. 

Let  l'  be  the  total  quantity  of  light  falling  on  the  retina,  or  the 
apparent  brightness  of  the  object  at  the  distance  d'  at  which  it 
oeaaes  to  have  a  sapsible  disk,  and  let  l  be  its  apparent  brightness, 
at  any  greater  distance  d.  We  shall  then,  according  to  what  has 
just  been  explained,  have,     > 

L  :V  : :  d'*  :  d'; 
and  eonsequently,     * 

D* 

from  which  it  appears  again  that  L  will  decrease  as  d'  increases. 

By  the  continual  increase  of  D,  therefore,  the  apparent  brightness 
of  the  luminous  point  to  which  the  object  has  been  reduced,  would 
be  oontinually  (Hminished,  and  it  would  successively  assume  the 
appearance  of  stars  of  less  and  less  magnitude,  until  at  length  the 
quantity  of  light  falling  on  the  retina  would  become  so  small  that 
H  would  be  insufficient,  to  produce  a  sensible  impression  on  the 
organ,  and  the  object  Vdllld  cease  to  be  seen.  Let  the  distance  at 
which  this  would  take  place  be  d". 

It  appears,  then,  that  in  the  gradations  of  the  optical  impression 
produced  by  such  a  continually  receding  object,  there  are  two  limit- 
ing distances,  the  lesser  d'  at  which  it  ceases  to  have  sensible  mag- 
nitude but  continues  to  be  visible  as  a  lucid  point,  and  the  greater 
vf'  at  which  it  oeases  to  be  seen  altogether ;  and  that  at  intermediate 
distances  d  it  appears  as  a  lucid  point  of  all  degrees  of  brightness, 
lees  than  that  which  it  has  at  the  distance  d'. 

If  this  reasoning  be  applied  to  different  objects,  it  is  evident  that 
the  distance  d'  will  vary  with  the  real  diameter  of  the  object,  and 
will  be  exactly  proportional  to  it.  The  distance  d"  for  objects  hav- 
ing the  same  real  diameter,  will  vary  with  their  intrinsic  lustre,  or 
the  relative  quantities  of  light  which  they  emit  from  their  visible 
hemispheres,  and  will  be  greater  in  the  ratio  of  the  square  root  of 
the  abisolute  quantity  of  light  emitted. 

If  a  telescope  be  directed  to  a  star  at  any  distance  D  greater  than 
i>"f  its  magnifying  power  will  be  incapable,  Vio^^nqi  ^^»X  \V>  \&a:^ 

///.  58 
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menling  the  visual  nngle  to  snch  an  eitent  aa  to  render  it 

no  it  would  bo,  if  the  mrnerc  at  the  distance  D',*t«liich 
angle  becomes  so  small  as  to  be  inappreciable  by  tie  ere. 
e  fame  case,  ibe  power  of  the  telescope   lo  intrease  ihi 
f  ligbt  whieh  enters  iLo  pupil,  will  produM  effects  wliwb 
ilj  very  sensible,  but  which  may  be   increased  olmwl 
y,  by  augmenting  the  aperture  of  the  telescope.     In  thii 
Qugb  the  miignifying  power  ie  altogether  inefficacious  u> 
tea  to  the  visual  angle  of  the  object,  its  power,  so  far  u 
the  increase  of  light  or  increase  of  apparent  brigbine^  if 

scope  of  a  ccrtalD  aperture  directed  to  a  star  of  tbc  siiifa 
a,  the  light  of  which,  according  to  the  esliraate  of  Sir  J. 
is  about  the  100th  part  of  ibe  ligbt  o^  Guob  a  sUr  of  lbs 
nitudo  as  »  Ceniauri,  would  render  it  equal  in  appmol 
g  to  the  latlcr,  and  would,  thcrefovw, .  have   the  effect  of 
t  so  niucb  nearer  to  the  of^gCrvcr,  as  (he  distance  of  an 
tar  of  the  first  magnitude  is  less  than  ao  average  stir  of 
msgnitude.      But  since  the  appweul  brightness  decreasu 
lare  of  the  distutiee  increases,  itfoLlcrws  [bat  a  starof  ibe 
nilude,  being  100  timts  lets  bright  than  a  star  of  ibe  first 
:,  will  ba  lU  times  more  dislant.     The  telescope,   there- 
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Tbe  star  is^  therefore,  brought  nearer  to  the  observer  in  the  ratio 

of  V«i  to  1.  

3331.  Space-penetrating  power. — This  Dumber  ^m  which  ex- 
presses the  power  of  the  telescope  to  bring  a  star  nearer  to  the 
observer,  or  what  is  the  same,  to  enable  the  observer  to  see  distant 
stars  with  the  same  degree  of  distinctness  or  brightness  as  if  they 
were  at  less  distances,  is  called  the  space-penetrating  power. 

Thus,  if  the  light  of  a  star  of  the  sixth  magnitude  be  100  times 
less  than  that  of  a  star  of  the  first  magnitude,  a  telescope  which 
would  ausmept  the  light  100  times,  would  exhibit  it  with  the  same 
apparent  brightness  as  a  star  of  the  first  magnitude ;  and  for  such 

a  telescope  we  should  have  m  =  100,  and  therefore  Vw*  =  10,  so 
that  the  stai^^  the  sixth  magnitude  would  be  ten  times  more  dis- 
tant than  the  stars  of  the  first  magnitude. 

Thus,  for  example,  the  refleo^ing  telescope  used  by  Sir  William 
Her8chel,^n  some  of  his  prinetpal  «0tellar  researches,  had  an  aper- 
ture of  eighteen  inches,  and  twenty  feet  focal  length  with  a  magni- 
fying power  of  180.  Th0V|;)ace-penetrating  power  of  this  instru- 
ment was  found  to  be  seventy-five,  the  meaning  of  whfch  is,  that 
when  directed  to  a  star  of  any  given  brightness,  it  would  augment 
its  brightness  so  aa^  make«it  appear  the  same  as  it  would  be  if  at 
seventy-five  times  less  distance,  or  what  is  the  same,  that  a  star 
which  to  the  naked  eye  would  appear  of  the  same  brightness  as  that 
Btar  does  when  seen  in  |be  telescope  would  require  to  be  removed  to 
Beventy-five  times  the  actual  distance,  so  that  when  seen  through 
the  telescope  it  would  have  the  brightness  it  has  when  seen  with 
the  naked  eye.  Thus  ^star  of  the  sixth  magnitude,  if  removed  to 
seventy-five  times  the  actual  distance,  would  appear  in  such  an  in- 
strument still  as  a  star  of  the  si:||h  magnitude  would  to  the  naked 
eye,  and  if  we  assume  with  Sir  John  Herscbel,  that  a  star  of  the 
sixth  magnitude  has  a  hundred  times  less  light  than  a  Centauri, 
and  is  therefore  at  ten  times  a  greater  distance,  it  will  follow  that  a 
Centauri  would  require  to  be  removed  to  seven  hundred  and  fifty 
times  its  actual  distance,  so  that  when  viewed  through  such  a  tele- 
scope it  would  be  seen  as  a  star  of  the  sixth  magnitude  is  to  the 
naked  eye. 

If,  then,  it  be  assumed,  as  it  may  fairly  be,  that  among  tbe  innu- 
merable stars  which  are  beyond  the  range  of  unaided  vision,  and 
brought  into  view  by  the  telescope,  a  large  proportion  must  have 
the  same  magnitude  and  intrinsic  brightness,  as  the  average  stars 
of  the  first  magnitude,  it  will  follow  that  these  must  be  at  distances 
750  times  greater  than  the  distance  of  an  average  star  of  the  first 
magnitude,  such  as  a  Centauri.  But  it  has  been  already  shown 
(3308,)  that  the  distance  of  a  Centauri  is  such  that  light  would 
Teqmre  8-54325  years  to  oome  from  it  U>  V\iQ  li^.t^}QL.    \\k  "v^n^^^ 
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between  the  members  composiDg  each  group,  or  is  the  result  of  the 
fortuitons  relation  of  the  visual  lines  directed  to  thero,  the  principal 
collections  of  the  more  conspicuous  stars*  thus  placed  in  near  appa- 
rent vicinity,  have  been  recognised  from  the  roost  remote  antiquity, 
and  such  groups  have  been  commonly  denominated  constellations. 

Although  in  certain  cases,  it  is  probable  that  some  physical  rela- 
tion may  exist  between  the  more  close  neighbours  in  these  constel- 
lations, it  is  certain  that  the  apparent  juxta- position  and  relative 
arrangement  of  the  component  stars  geoerally  is  altogether  for- 
tuitous. Imagination  has,  however,  connected  them  together,  and 
invested  such  constellations  with  the  forms  of  mythological  figures, 
animals,  such  as  bears,  dogs,  lions,  goats,  serpents,  and  so  on,  from 
which  they  severally  take  their  names.  Unreasonable  as  such  a 
system  must4>e  allowed  to  be,  it  is  not  without  its  use  as  a  means 
of  reference  and  an  artificial  aid  to  the  memory.  That  a  better 
system  of  signs  and  symbols  might  have  been  devised  for  these 
purposes,  jnay  be  admitted;  but  when  it  is  considered  that  the 
names  and  forms  of  the  most  conspicuous  constellations  have  had 
their  origin  in  remote  antiqpty — that  they  were  handed  down  from 
the  Chaldeans  to  the  Egyptians,  from  the  Egyptians  to  the  Greeks, 
and  from  these  to  the  modems  —  that  they  are  referred  to  in  the 
works  of  every  past  astrongmer,  and  registered  in  the  memory  of 
every  living  observer-^that  they  are  associated  with  the  productions 
of  art,  and  supply  illustrations  to  the  orator  and  the  poet  —  it  will 
be  readily  admitted  that,  'even  though  a  general  change  of  the  stel- 
lar nomenclature  and  symbols  were  practicable,  it  would  neither  be 
advantageous  nor  advisable. 

As  an  example  of  a  constellation,  the  group  of  seven  conspicuous 
stars,  arranged  nearly  in  the  form  of  a  note  of  interrogation,  visible 
in  the  northern  part  of  the  firmament,  and  in  these  latitudes  always 
above  the  horizon,  may  be  refcrrea  to.  Thjs  constellation  is  called 
Ursa  major  (the  great  bear).  The  seven  stars  are  only  the  more 
conspicuous  of  those  which  compose  the .  constellation,  the  entire 
number  being  eighty-seven,  most  of  them,  however,  being  tele- 
scopic ;  of  the  seven  chief  stars  one  only  is  of  the  first  magnitude, 
three  of  the  second,  and  three  of  the  third. 

The  seven  principal  stars  of  this  constellation  being  all  less  than 
forty  degrees  from  the  north  pole,  will  be  always  above  the  horizon 
in  latitudes  greater  than  forty  degrees.  Hence  it  is  that  this  con- 
stellation is  so  familiarly  known.  They  may  serve  as  standards  or 
moduli  by  which  the  astronomical  amateur  may  estimate  the  orders 
of  magnitudes  of  the  stars  generally.  It  is  in  the  quarter  of  the 
Leavens  opposite  to  that  in  which  the  sun  is  in  the  month  of  March, 
and  is  therefore  visible  at  midnight  near  the  meridian  above  the 
pole  at  that  season.  In  the  month  of  September  it  is  visible  at  mid- 
night below  the  pole. 
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The  Btara  which  compoge  a  oonstelUiion  are  <]esigniLled  hbubIIj 
by  the  letters  of  the  Oreek  alphabet,  the  first  letltra  being  g«ie- 
rally  assigned  to  the  moat  consjueuona.  The  order  of  the  letieis, 
howevpr,  docs  not  alwujs  follow  strictly  the  order  of  magniimlcs. 
When  the  slara  are  not  deeigratcd  by  letters,  ihey  are  dislinguiihed 
by  numbers,  and  this  is  mostly  the  case  with  the  smaller  sura. 

It  is  usual  to  express  the  constellations  by  ibeir  Latin  niBKt, 
■nd  to  desigtiiite  the  indwidual  slurs  by  the  letter  or  Dnrahertni 
tho  eon^teliulioD,  bs  a  Li/rx,  0  fV-ME  tntyona,  61  OphiuiAi,ii 
Comsat  &C. 

Id  the  cases  of  some  of  the  more  eonspienous  stars,  sncb  as  hive 
been  objects  of  obscirulian  in  remote  ages,  ihey  are  also  fre()D?nilj 
distinguished  by  proper  names.  Thns,  a  Cani*  mojor.is  more  com- 
monly called  Sirius,  and  sometimes  the  Dogear,  and.is  known  u  ' 
the  moat  resplendent  of  the  filed  stars.  la  like  manners  PivU  b 
always  called  f^omolhaut,  a  and  0  Gemini  are  called  Cottor  lod 
PolUx,  3  Ononi*  ia  known  ok  Eiij'l,  a  Tovri  as  Aldebanin,  »  Vir- 
ginii  as  Spira,  a  Boolit  as  Arclurut,  and  so  on. 

The  practical  usefulness  of  the  im^nary  figures  which  ^t« 
Dames  to  the  const  el  lulions,  will  thus  be  understood.  If  we  d^t« 
to  eaprcss  (he  position  of  the  star  t;  L'rsiE  mnjorii.  for  example,  we 
ioy  ibal  it  is  at  the  tip  nf  the  Init  of  ibe  Great  Bear.  \Vb  indi- 
cate, in  like  tuanucr,  the  place  of  three  remarkable  stars,  by  saying 
that  they  form  the  belt  of  Orion,  and  another  Bigel  by  saying  tbit 
it  ia  on  his  foot.  The  star  Sirius  is  on  tbb  DOse  of  Canis  majof, 
and  the  brigbt  star  ^  on  bis  right  thigh. 

S334.  Use  of  poinUrs.  —  Those  who  desire  to  obtain  an  acqaainl- 
ance  with  the  stars,  will  find  much  advantage  in  practising  t!i« 
method  of /Mi'iiteM,  by  which  the  position  of  conspicuous  stars  witb 
which  the  observer  is  well  acquaint«d  ia  used  to  ascertain  the  placet 
of  others  which  are  less  known  and  less  easily  identified.  Thii 
method  consists  ia  as^iigning  two  conspicuous  stars  so  placed,  ibiti 
Straight  line  imagined  to  be  drawn  between  them,  and  continued  if 
Deccssary  in  the  same  direction,  will  pass  through  or  near  the  stir 
whose  position  it  is  desired  to  ascertain. 

The  most  useful  example  of  the  application  of  this  naethod,  is  the 
case  of  the  pole  star,  which  is  a  UrsSE  ntinon's,  a  star  of  the  tbinl 
mognitude.  Let  the  observer  direct  his  eye  to  the  two  conspicuooi 
stars,  a  and  3  Urfx  majoris,  and  supposing  a  straight  line  drawB 
from  p  to  n,  let  him  curry  his  eye  along  that  line  beyond  a  to  t 
distance  about  six  times  the  space  between  a  and  ^,  Le  will  anivt 
at  the  Pole  Star. 

3335.  Uieof  star  mapi.  —  To  comprehend  the  preceding  pui- 
graplis,  and  profit  by  the  iDstructions  given  ia  them,  it  will  U 
necesMrj  for  tbo  aVudeat.  \a  ta.i«  in  bis  hands  %  set  of  star  map*' 
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The  Guide  to  the  Stars'*'  will  be  found  to  be  one  of  the  most 
convenient  works  for  this  purpose.  In  the  maps  there  given,  will 
be  found  indications  of  the  most  useful  applications  of  this  method 
of  pointing. 

3336.  U*e  of  (lie  celestial  globe,  —  A  celeslial  globe  may  be 
defined  to  be  a  working  model  of  the  heavens.  It  is  mounted  like 
a  common  terrestrial  globe.  The  visible  hemisphere  is  bounded  by 
the  horizontal  circle  in  which  the  globe  rests.  The  brass  circle  at 
right  angles  to  this,  is  the  celestial  meridian.  The  constellations 
with  outlines  of  the  imaginary  figures  from  which  they  take  their 
names,  are  delineated  upon  it. 

The  globe  will  serve,  not  merely  as  an  instrument  of  instruction, 
but  will  prove  a  ready  and  convenient  aid  to  the  amateur  in  astro- 
nomy, superseding  the  necessity  of  many  calculations  which  are 
often  discouraging  and  repulsive,  however  simple  and  easy  they  may 
be  to  those  who  are  accustomed  to  such  inquiries.  Most  of  the 
almanacs  contain  tables  of  the  principal  astronomical  phenomena,  of 
the  places  of  the  sun  and  moon,  and  of  the  principal  planet^s  as  well 
as  the  times  when  the  most  conspicuous  stars  are  on  the  meridian 
after  sunset.  These  data,  together  with  a  judicious  use  of  the  globe 
and  a  tolerable  tolescope,  will  enable  any  person  to  extend  his 
acquaintance  with  astronomy,  and  even  to  become  a  useful  contri- 
butor to  the  common  stock  of  information  which  is  now  so  fust 
increasing  bv  the  zeal  and  ability  of  private  observers  in  so  many 
quarters  of  the  globe. 

To  prepare  the  globe  for  use,  let  small  marks  (bits  of  paper 
gummed  on  will  answer  the  purpose)  be  placed  upon  it,  to  iodicato 
the  positions  of  the  sun,  moon,  and  planets,  at  the  time  of  observing 
the  heavens.  The  place  of  the  sun  on  the  ecliptic  is  usually  marked 
on  the  globe  itself  If  not,  its  right  ascension  (that  is,  its  distance 
from  the  vernal  equinoctial  point,  mea.sured  on  the  celestial  equator), 
and  its  declination,  (that  is,  its  distance  north  or  south  of  the 
eqnator),  are  given  in  the  almanac,  for  every  day.  The  moon's 
right  ascension  and  declination  are  likewise  given. 

3337.  To  find  the  place  of  an  object  on  the  globe  when  its  right 
ascension  and  declination  are  known, — Find  the  point  on  the 
equator  where  the  given  right  ascension  is  marked.  Turn  the  globe 
on  its  axis  till  this  point  be  brought  under  the  meridian.  Then 
count  ofi*  an  arc  of  the  meridian  (north  or  south  of  the  equator,  ac- 
cording as  the  declination  is  given)  of  a  length  equal  to  the  given 
declination,  and  the  point  of  the  globe  immediately  under  the  point 
of  the  meridian  thus  found,  will  be  the  place  of  the  object.  By 
this  rule,  the  position  on  the  globe  of  any  object  of  which  the  right 
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lecliDation  are  kooHD,  may  be  immediitclj  fonnd, 
ding  mark  put  upon  it. 
.10  Bd,  e  globe  bo  as  lo  use  it  as  a  guiijc  to  the  positiitn  of 

objects  ou  lue  heavens,  aDd  as  a  means  of  iUenlifjing  the  stars  and  I 
iMraiog  their  names,  let  the  lower  clampiDg-serew  of  the  raetlrtian  r 
be  loOBcned,  sod  lei  the  north  pole  of  the  globe  be  cIc^Tnted  bj  1 
moving  the  brass  meridian  until  the  arc  of  this  meridian  between  I. 
the  pole  and  the  horizon  be  equal  to  (be  latitude  of  the  place  of  K 
observation.  Let  the  ctampin^screv  be  then  tightened,  so  u  l> 
niaintaiD   the  nicrid  i.      l>et  the  globe  be  then  Mr 

plncMl  tbal  the  brass  i  directed  due  north  and  Eon'B, 

the  pole   being  tarneu  v  This  being  done,  the  glub* 

will  correspond  will-  **»n  r  as  relates  to  the  poles,  thi 

meridian,  and  the  ] 

To  Bsecrtain  the  »,  aent  at  aoj  hour  of  the  night, 

it  is  now  only  neoessaTj  ^  clobe  upon  its  axis  ooiil  ihi 

mark  indicatiDg  the  place  c  uall  be  tinder  the  boriion  in 

the  same  position  as  the  euF<  lully  Is  at  the  hour  in  qa^ 

tioQ.     To  effect  this,  let  tb  , turned  iinul  the  mark  iadi-   i 

catiog  the  position  of   tbi  nraght  under  the  raeridian. 

Observe  the  hour  marked  Ou  mi.  ,  of  the  equator  nhieb  is  then    ' 

undtr  tin;  meridian.  Adil  to  this  nour  the  hour  at  which  the  obser- 
vation is  about  to  be  taken,  and  turn  the  globe  until  the  point  of 
the  equator  ou  which  is  marked  the  hour  resulting  from  this  addi- 
tion is  brought  under  the  meridian.  The  position  of  the  globe  will 
then  correspood  with  that  of  the  firmament.  Every  object  on  iha 
one  will  correspond  in  its  position  with  its  representative  mark  or 
tyinbol  on  the  other.  If  we  imagine  a  line  drawn  from  the  ceoln 
of  the  globe  through  the  mark  upon  its  surface  indicating  an;  star, 
such  a  line,  if  continued  outside  the  sarfaco  toward  the  huvcai, 
would  he  directed  to  the  star  itself. 

For  example,  suppo!te  that  when  the  mark  of  the  sun  b  broogfat 
under  the  meridian,  the  hour  5h.  40m.  is  found  to  be  on  the  eqaam 
at  the  meridian,  and  it  is  required  to  find  the  aspect  of  the  beiTeU 
at  half-post  ten  o'clock  in  the  evening. 

To     5     40 

Add .la    30 

16     10 

Let  the  globe  he  turned  until  I6h.  lOm.  is  brought  under  the  m^ 
ridiao,  and  the  aspect  given  by  it  will  be  that  of  Uie  heavens. 


t  <  i  *-? 
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nUODIC,  TEMPORABT,  AND  MULTIPLE  STARS. — ^PROPER  MOTION 
OF  STARS. — MOTION  OF  THE  SOLAR  SYSTEM. 

8338.     Telescopic  6b$ervat{on$  on  individual   itan,  —  Besides 

Irioging  within  the  range  of  observation  objects  placed  beyond  the 

.Inhere  which   limits  the  plaj  of  natnral  Yision,  the  telescope  has 

mstlj  multiplied  the  number  of  objects  visible  within  that  sphere, 

'wf  toabling  us  to  see  many  rendered  invisible  by  their  miDuteDess, 

_  ir  confounded  with  others  by  their  apparent  proximity.     Among 

^Aa  stars  also  which  are  visible  to  the  naked  eye,  there  are  many, 

iwpecting  which  the  telescope  has  disclosed  circumstances  of  the 

Uffbest  physical  interest,  by  which  they  have  become  more  closely 

■Ilied  to  our  system,  and  by  which  it  is  demonstrated  that  the  same 

■aterial  laws  which  coerce  the  planets,  and    give  stability,  uni- 

farmity,  and  harmony  to  their  motions,  are  also  in  operation  in  the 

most  remote  regions  of  the  universe.     Wo  shall  first  notice  some  of 

the  most  remarkable  discoveries  respecting  individual  stars,  and 

shall    afterwards  explain  those  which    indicate  the  arrangement, 

dimensions,  and  form  of  the  collective  mass  of  stars  which  compose 

the  visible  firmament,  and  the  results  of  those  researches  which  the 

telescope  has  enabled  astronomers  to  make  in  regions  of  space  still 

more  remote. 

I.   PERIODIC  STARS. 

8330.  Stars  of  variahle  lustre.  —  The  stars  in  general,  as  they 
are  stationary  in  their  apparent  positions,  are  equally  invariable  in 
their  apparent  magnitudes  and  brightness.  To  this,  however,  there 
are  several  remarkable  exceptions.  Stars  have  been  observed, 
sufficiently  numerous  to  be  regarded  as  a  distinct  class,  which 
exhibit  periodical  changes  of  appearance.  Some  undergo  gradual 
and  alternate  increase  and  diminution  of  magnitude,  varying  between 
determinate  limits,  and  presenting  these  variations  in  equal  intervals 
of  time.  Some  are  observed  to  attain  a  certain  maximum  magni- 
tude, from  which  they  gradually  and  regularly  decline  until  they 
altogether  disappear.  After  remaining*for  a  certain  time  invisible, 
they  re-appear  and  gradually  increase  till  they  attain  their  maximum 
splendour,  and  this  succession  of  changes  is  regularly  and  periodi- 
cally repeated.     Such  objects  are  called  periodic  stars, 

3840.  Remarkable  stars  of  this  class  in  the  cansfellotions  of 
Cetus  and  Perseus. — The  most  remarkable  of  this  class  is  the  star 
called  Omikron,  in  the  neck  of  the  Whale,  which  was  first  observed 
by  David  Fabricins,  on  the  13th  August,  1596.  This  star  retam& 
its  greatest  brightness  for  about  fourteen  days,  \>em|^  xYi^ti  ^n^jcva^Nj^ 
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»  luge  bUt  of  the  Becond  magnitude.  It  then  decretses  continiuUj 
for  three  mfintha  nntil  it  beootues  ioTisiblc.  It  remainB  ioYisible 
for  five  mnntbs,  «bcn  it  le-npppnrEi,  and  incresseB  graUDnll;  fur 
tbreo  moDibA  nolll  it  recovers  iia  maximnm  splendour.  IVw  u 
tbo  general  RUccession  of  its  pbiifies.  lis  entire  period  is  nUmt 
332  dojs.  Tliia  period  is  not  always  ibe  same,  nod  ihc  ptnditioiii 
of  brigbtnesB  tbrougb  which  it  pa^^cs  nre  eaid  to  be  subject  tn  ntia- 
tion.  Ilerelius  stales  that,  in  the  iuterval  betneen  ICT'2  and  1076. 
it  did  not  appear  at  all. 

Some  recent  ubservntionB  and  researches  of  M.  Argrlander, 
lender  it  probable  that  the  period  of  this  star  is  subject  to  a  Tlrii- 
tion  which  ia  it^lf  periodical,  the  period  being  aliernalelj  ang- 
mented  and  diniiniBhed  to  tbe  extent  of  25  dajs.  The  TnriatioDS 
of  tbe  maximum  lustre  are  also  probably  periodical. 

}'be  6tar  called  Alffoi,m  the  bead  of  Mrdtita,  in  the  cODEtellation 
of  I'erKvt,  affords  a  slriking  esample  of  the  rapidity  viih  wbieh 
these  periodical  changea  eoinetimes  succeed  each  olber.  Thin  star 
generally  appear*  as  one  of  the  second  magnitude  ;  (.lit  r..^  i.iir'"l 
of  seven  Lours  occurs  at  ihe  espiration  of  everv    .  >  ■  ■   :  ■  ^ 

the  first  three  hours  niid  a  half  of  which  it  grHiiii  .  _  . 
brightDcss  till  it  is  reduced  to  a  star  of  the  fourth  niagniindc,  and 
during  the  remainder  of  tbe  interval  it  again  gradually  increase) 
until  it  recovers  its  original  magnitude.  Thus,  if  we  suppose  it  to 
have  attained  its  maxioiuui  splendour  at  midnight  on  tbe  first  diy 
of  the  monthj  its  obanges  would  bo  as  follows  : — 


0     0     0  to  2  14     0  It  appears  of  second  magnitude. 
2   14     0  to  2   17  24  It  decreases  gradually  to  fourth  magoitade. 
2  IT  24  to  2  20  48   It  increases  gradnally  to  second  magnitude. 
'2  20  48  to  5  10  48  It  appeara'of  second  magnitude, 

5  10  48  to  5   14   12  It  decreases  to  fourth  magnitude. 

6  14  12  to  5  17  36  It  increases  to  eecoud  magnitude. 

&c.  &c.  &c. 

This  star  presents  an  interesting  example  of  its  class,  as  it  is  een- 
Btantly  visible,  and  its  period  ia  so  short  that  its  euccesaion  of  pfaaffii 
may  be  frequently  and  conveniently  observed.  It  is  sitaate  oar 
tbe  foot  of  the  constellation  Andromeda,  and  lies  a  few  degrea 
norlb-east  of  three  stars  of  tbe  fourth  magnitude  which   form  * 

Goodricke,  who  discovered  the  periodic  pbenomena  of  Al^  in 
1782,  explained  these  appearances  by  the  supposition  that  saB» 
opaque  body  rovohea  round  it,  being  thus  periodically  interposed 
between  tbe  earth  and  the  star,  so  as  to  intercept  a  laree  norlioD  ct 

itfi  light.  f  B     !« 
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its  period,  wbieh  proceeds  with  accelerated  rapidity.  Sir  J.  Her- 
aehel  thiDks  that  this  decrease  will  attain  a  limit,  and  will  be  fol- 
lowed by  an  increase,  so  that  the  variation  of  the  period  will  prove 
itoelf  to  be  periodic. 

The  stars  8  in  Cepheus  and  3  in  Lyra  are  remarkable  for  the 
regular  periodicity  of  their  lustre.  The  former  passes  from  ils 
least  to  its  greatest  lustre  in  thirty-eight  hoars,  and  from  its  greatest 
to  its  least  in  ninety-one  hours.  The  changes  of  lustre  of  the  latter, 
according  to  the  recent  observations  of  Argelander,  are  very  com- 
plicated and  curious.  Its  entire  period  is  12  days  21  hrs.  53  min. 
10  sec,  and  in  that  time  it  first  increases  in  lustre,  then  decreases, 
then  increases  again,  and  then  decreases,  so  that  it  has  two  maxima 
and  two  minima.  At  the  two  maxima  its  lustre  is  that  of  a  star 
of  the  3*4  magnitude,  and  at  one  of  the  minima  its  lustre  is  that  of  a 
star  of  the  4*3,  and  at  the  other  that  of  a  star  of  the  4*5  magnitude. 

In  this  case  also  the  period  of  the  star  is  found  to  be  periodic^ ly 
variable. 

3341.  Table  of  the  periodic  stars.  —  In  the  following  Table  the 
stars  periodically  variable,  discovered  up  to  1848,  are  given,  with 
their  periods  and  extremes  of  lustre.  This  Table  has  been  collected 
from  various  astronomical  records  by  Sir  J.  Herschel. 


No. 


1 
2 
3 

5 


6 
7 
8 
9 


10 
11 
12 


13 
14 
15 
16 
17 
18 
19 
20 


Star. 


X 


• 


a 
59 


c 
o 


X 
34 

n 


Pergei  (Algol)  

Tauri 

Cepbei 

Aquilee  

CancfiR.  A.  (1800)) 
=  8"  32-5"  N.  P.  \ 
D.  70°  15' J 

Geminorum  

Lyrna 

Herculis 

B.ScutiR.A.(1801) 
=  18»'  37"  N.  P. 
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nueely  peroeivablo,  but  they  beoome  BuddeDly  so  great  that  the 
itar  wholly  dbftppean.  The  variatioDS  of  No.  25  were  very  con- 
ipieaoiu  from  1836  to  1840^  and  again  in  1849,  being  ninch  less 
ID  in  the  intermediate  time. 

S842.  ^potheset  propoted  to  explain  the  phenomena^ — Several 
Bzplanations  haye  been  proposed  for  these  appearances. 

1.  Sir  W.  Herschel  considered  that  the  supposition  of  the 
esBtence  of  spots  on  the  stars  similar  to  the  spots  on  the  snn,  com- 
Unad  with  the  rotation  of  the  stars  upon  axes,  similar  to  the  ipta- 
tion  of  the  sun  and  planets,  afforded  so  obvious  and  satisfactory  an 
Bzplanation  of  the  phenomena,  that  no  other  need  be  sought. 

2.  Newton  conjectured  that  the  variation  of  brightness  might  be 
produced  by  comets  falling  into  distant  suns  and  causing  temporary 
oooflagrations.  Waiving  any  other  objection  to  this  conjecture,  it 
is  pat  aside  by  its  insidfioiency  to  explain  the  periodicity  of  the 
phenomena. 

3.  Maupertuis  has  suggested  that  some  stars  may  have  the  form 
of  thin  flat  disks,  acquired  either  by  jeztremely  rapid  rotation  on  an 
axis,  or  other  physical  cause.  The  ring  of  Saturn  affords  an 
example  of  this,  within  the  limits  of  our  own  system,  and  the 
modern  discoveries  in  nebular  astronomy  offer  other  examples  of  a 
like  form.  The  axis  of  rotation  of  such  a  body  might  be  subject  to 
periodical  change  like  the  nutation  of  the  earth's  axis,  so  that  the 
flat  side  of  the  luminous  disk  might  be  present  more  or  less  towards 
the  earth  at  different  times,  and  whea  the  edge  is  so  presented,  it 
might  be  too  thin  to  be  visible.  Such  a  succession  of  phenomena 
are  aotuaUy  exhibited  in  the  case  of  the  rings  of  Saturn,  though 
piooeeding  from  different  causes. 

4.  Mr.  Dunn*  has  conjectured  that  a  dense  atmosphere  surround- 
ing the  stars,  in  different  parts  more  or  less  pervious  to  light,  may 
explain  the  phenomena.  This  conjecture,  otherwise  vague,  inde- 
finite, and  improbable,  totally  fails  to  explain  the  periodicity  of  the 
phenomena. 

5.  It  has  been  suggested  that  the  periodical  obscuration  or  total 
disappearance  of  the  star,  may  arise  from  transits  of  the  star  by  its 
attendant  pknets.  The  transits  of  Yenus  and  Mercury  are  the 
basis  of  this  conjecture. 

The  transits  of  none  of  the  planets  of  the  solar  system,  seen  from 
the  stars,  could  render  the  sun  a  periodic  star.  The  magnitudes, 
0fen  of  Uie  largest  of  them,  are  altogether  insufficient  for  such  an 
effecL  To  this  objection  it  has  been  answered  that  planets  of  vastly 
greater  eomparative  magnitude  may  revolve  round  other  suns.  But 
if  the  magnitude  of  a  planet  were  sufficient  to  produce  by  its  transit 
these  considerable  obscurations,  it  must  be  very  little  inferior  to  the 
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mignitada  of  Uia  nu  itaM,  or  tt  all  naDl^  H  »hI  h«r  kwy 
oonriderabls  pcopartioD  to  the  iMgnitnde  of  tha  mm  f  is  wUek  am 
it  DMj  ba  ob]«Dtad  that  thi  pradomiaBDM  of  attnetka  ■WBwwy  to 
■naintaiD  tl»  ran  in  tha  eentra  of  Hi  intaiD  eoold  oat  ba  nam. 
To  diia  otgcotkni  it  ia  aoawerod,  tbat  auboa^  the  jSmatt  maj  tan 
a  great  eompaiatiTa  magnitude,  it  maj  hava  a  ytrj  mall  aafa 
tiva  dmuU^,  aiid.tfae  giantatiDg  attiaotio*  fbpaodng.oa  Ika.aolnl 


■  of  BMttar,  the  pradoainaaaa  of  tha  aolar  ■■«■  vm  ba  iwdwi 
iiateat  with  the  Kraat  lalatiTC  BUgaitods  of  th*  pMat  bj  m^ 

nouDg  the  deoritj  ta  tha  one  Taatlj  peater  th^  that-of  ika  athw. 

Tba  denntj  of  tlie  snn  ia  nnah  greater  than  iba  dami^  af  SiiHa. 


0.  It  haa  bean  an^eated  tbat  ihwre  laaj  ba  ijitaaMia  vUeb  tta 
oentnl  bodj  ia  a  plaoat  atteaded  bj  a  leaer  ann  imolnig  Toni  '* 
aa  tbemoMi  reTolTeafonnd  tbeaaiu,  aadio  thatoaaal'         '  '  ' 
obaoniatioB  of  the  ann  ntaj  be  uedncad  by  iypawaga 
larolntios  behind  the  eoitral  plaoat 

8ndi  an  tba  Taiiooa  eoojaotwea  vhieh  have  bean  paB^oaii  Is 
axphun  tba  periodie  alara;  ud  m  thaj  an  menlj  oaqjeatai^ 
icarcely  deserving  tha  name  at  hypodiMea  or  theoriea,  we  iball 
leave  them  to  be  taken  for  what  thej  are  worth. 

II.    TEMFORARY   BTAR8. 

Phenomena  ia  most  respecls  umilar  to  thoee  jnst  deaerihed,  bst 
exhibiting  no  recurrence,  repetition,  or  periodicity,  have  been 
obeeired  in  oiany  Btars.  Thus,  stars  have  from  time  to  time 
appeared  io  variouB  parta  of  tbe  firmament,  have  shone  with  eitia- 
ordinary  splendour  fur  a  limited  time,  and  have  thes  diaappeucd 
and  have  never  again  been  observed. 

S3-13.  Temporarif  itart  iwn  tn  ancitnt  lima. — The  fint  star  of 
this  clatie  which  btut  been  recorded,  is  one  obaerred  by  Hippankw/t, 
125  B.  c,  the  disappenrance  of  which  ia  said  to  have  led  that  astro- 
nomer to  luahe  bis  celebrated  catalogue  of  the  fixed  atan;  a  wvk 
which  haa  proved  in  roodeni  tiroes  of  grest  valna  and  interest  In 
the  389th  year  of  our  era,  a  star  blazed  forth  near  a  AqMiim,  wbidi 
afaone  for  three  weeks,  appearing  as  splendid  as  the  pUnet  Veon^ 
aAer  which  it  disappeared  and  haa  never  Bince  been  seen.  In  the 
years  945,  12G4,  and  1572,  brilliant  stars  appeared  between  the 
conslelktioDS  of  C'ep/ieiu  and  Vaaiopeia.  The  aooounta  of  tha 
positions  of  these  objects  are  obscure  and  uncertain,  but  the  inle^ 
tbIs  between  the  epochs  of  their  appearances  being  nearly  enfual,  it 
has  been  conjectured  tbat  they  were  encoesaive  returns  of  the  bsbm 
periodic  star,  the  period  of  which  is  about  SOO  years,  or  pocsiUf 
half  that  inter\-ai. 

The  appearaucc  of  the  star  of  1672  was  very  remarkable,  and 
oaring  been  wltacseed  \>3  tlbft  modt.  «m\i]«ii.\.  •^utm.miA'c^  t^f  tim  ^j, 


^ 
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the  aocoont  of  it  maj  be  considered  to  be  well  entitled  to  confidence. 
Tjfcho  BraTie,  happening  to  be  on  bis  return  on  the  evening  of  the 
1 1th  November  from  his  laboratory  to  his  dwelling-house,  found  a 
crowd  of  peasants  gazing  at  a  star  which  he  was  sure  did  not  exist 
half  an  hour  before.  This  was  the  temporary  star  of  1572,  which 
was  then  as  bright  as  the  Dog-star,  and  continued  to  increase  in 
aplendour  until  it  surpassed  Jupiter  when  that  planet  is  most  bril- 
liant^ and  finally  it  attained  such  a  lustre,  that  it  was  visible  at  mid- 
day. It  began  to  diminish  in  December,  and  altogether  disappeared 
in  March,  1574. 

On  the  10th  October,  1604,  a  splendid  star  suddenly  burst  out 
in  the  constellation  of  Serpentariusj  which  was  as  bright  as  that  of 
1572.     It  continued  visible  till  October,  1605,  when  it  vanished. 

3344.  Temporary  star  observed  by  Mr.  Hind.  —  A  star  of  the 
fif^h  magnitude,  easily  visible  to  the  naked  eye,  was  seen  l^  Mr. 
Hind  in  the  constellation  of  Ophiuchus,  on  the  night  of  the  28th 
April,  1848.  From  the  perfect  acquaintance  of  that  observer  with 
the  region  of  )he  firmament  in  which  he  saw  it,  he  was  quite  certain 
that,  previous  to  the  5th  April,  no  star  brighter  than  those  of  the 
ninth  magnitude  had  been  there,  nor  is  there  any  star  in  the  cata- 
logues at  all  corresponding  to  that  which  he  saw  there  on  the  28th. 
This  star  continued  to  be  seen  until  the  advance  of  the  season  and 
its  low  altitude  rendered  it  impossible  to  be  observed.  -  It,  however, 
constantly  diminished  in  lustre  until  it  disappeared,  and  has  not 
ainoe  been  seen. 

8345.  Musing  stars.  —  To  the  class'  of  temporary  stars  may  be 
referred  the  cases  of  numerous  stars  which  have  disapp^red  from 
the  firmament.  On  a  careful  examination  of  the  heavens,  and  a 
comparison  of  the  objects  observed  with  former  catalogues,  and  of 
catalogues  ancient  and  modem  with  each  other,  manv  stars  formerly 
known  are  now  ascertained  to  be  missing;  and  although,  as  Sir 
John  Hersehel  observes,  there  is  no  douM  that  in  many  instances 
these  apparent  losses  have  proceeded  from  mistaken  entries,  yet  it  is 
equally  certain  that  in  numerous  cases  there  can  have  been  no  mis- 
take in  the  observation  or  the  entry,  and  that  the  star  has  really 
existed  at  a  former  epoch,  and  as  certainly  has  since  disappeared. 

When  we  consider  the  vast  length  of  many  of  the  periods  of  as- 
tronomical phenomena,  it  is  far  from  being  improbable  that  these 
phenomena  which  seem  to  be  occasional,  accidental,  and  springing 
from  the  operation  of  no  reeular  physical  causes,  such  as  those  mdi- 
cated  by  tiie  class  of  variable  stars  first  considered,  may  after  all  be 
periodic  stars  of  the  same  kind,  whose  appearances  and  disappear- 
ances are  brought  about  by  similar  causes.  All  that  can  be  certainly 
known  respecting  them  is,  that  they  have  appeared  or  disappeared 
once  in  that  brief  period  of  time  within  which  astronomical  obser- 
WMtionB  hare  been  made  and  recorded.    If  tihe^  be  y^i^^*^  %\»%^ 
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of  wLoee  period  exceeds  that  intcrTBl,  their  duD» 
havo  been  once  exhibit«d  to  us,  and  after  ages  have  nlW 

S3  the  next  oceurreuce  of  their  phases,  and  discover  tbu 
lur,  hanuoiiioua,  and  {^riodic,  whieh  appears  to  ns  mo- 
aaiooai,  and  oooinaloua. 

III.    DOUBLE   ST4RS. 

he  stars  are  examined  individnally  by  telescopes  of  i 
wer,  it  is  found  that  many  which  to  the  naked  eye  appev 
e  stars  are  in  reality  two  stars  plaoed  so  close  togetho 
appear  as  one.     These  are  called  lioulilr  sran. 
Re»earche„  of  Sir    W.   and   .Sir  J.   JJfrtchd.  —  A  very 
amber  of  these  objects  had  been  discovered  before  llie 
ad  received  the  vast  accession  of  power  which  wu  given 
e  labour  and  genius  of  Sir  William  Horschel.      That  a* 
bserved  and  catalogued  500  donhlc  stars ;  and  subseqaeai 
among  whom  his  son,  Sir  John  Hcrschcl,  holds  the  fore- 
,  have  augmented  the  number  to  6000. 

rs  on  the  FiriDBmcnt  is  a  phcnomcnoa  which  might  be 
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admitted ;  and  saoh  may,  in  fact,  be  the  cause  of  the  phenomenon 
in  tome  instances.  The  chances  against  such  proximity  of  the  lines 
of  direction  are  however  so  great  as  to  be  utterly  incompatible  with 
the  Tast  number  of  double  stars  that  have  been  discovered,  even 
WCTe  there  not,  as  there  is,  other  conclusive  proof  that  this  prox- 
imity and  companionship  is  neither  accidental  nor  merely  apparent, 
but  that  the  connection  is  real,  and  that  the  objects  are  uuited  by  a 
physical  bond  analogous  to  that  which  attaches  the  planets  to  the 

ano. 

But  apart  from  the  proofe  of  real  proximity  which  exist  respect- 
ing jnany  of  the  double  stars,  and  which  will  presently  be  explained, 
itliaa  been  shown  that  the  probability  against  mere  optical  juxtar- 
podtion,  such  as  that  described  above,  is  almost  infinite.  Professor 
Strove  has  shown  that,  taking  the  number  of  stars  whose  existence 
has  been  ascertained  by  observation  down  to  the  7th  magnitude 
incluaivo,  and  supposing  them  to  be  scattered  forttutously  over  the 
entire  firmament,  the  chances  against  any  two  of  them  having  a 
position  so  close  to  each  other  as  4"  would  be  9570  to  1.  But 
when  this  calculation  was  made,  considerably  more  than  100  cases 
of  such  duple  juxtaposition  were  ascertained  to  exist.  The 
same  astronomer  also  calculated  that  the  chances  against  a  third 
star  fidling  within  82''  of  the  first  two  would  be  173524  to  one ; 
yet  the  firmament  presents  at  least  four  such  triple  combina- 
tiong. 

Among  the  most  striking  examples  of  double  stars  may  be  men- 
tioned the  bright  star  Castor^  which,  when  sufficiently  magnified, 
18  proved  to  consist  of  two  stars  between  the  third  and  fourth  mag- 
nitodes,  within  five  seconds  of  each  other.  There  are  many,  how- 
ever, which  are  separated  by  intervals  less  than  one  second ;  such 
as  f  ArietiSf  AUcu  Pldadumf  y  (hronsSf  17  and  ^  Herculis^  and  t  and 
X  OphiuckL 

3349.  Argument  againU  mere  optical  douhU^etan  derived  from 
'  their  proper  motion, — Another  argument  against  the  supposition  of 
mere  fortuitons  optioal  juxtaposition,  unattended  by  any  physical 
connection^  is  derived  from  a  circumstance  which  will  be  fully  ex- 
plained hereafter.  Certain  stars  have  been  ascertained  to  have  a 
proper  motion,  that  is,  a  motion  exclusively  belonging  to  each  indi- 
vidual star,  in  which  the  stars  %round  it  do  not  participate.  Now, 
some  of  the  double  stars  have  such  a  motion.  If  one  individual  of 
the  pair  were  affected  by  a  proper  motion,  in  which  the  other  does 
not  participate,  their  separation  at  some  subsequent  epoch  would 
become  inevitable,  since  one  would  necessarily  move  away  from  the 
other.  Now,  no  such  separation  has  in  any  instance  been  witnessed. 
It  follows,  therefore,  that  the-  proper  motion  of  one  equally  affects 
tiie  other,  and,  consequently,  that  their  juxtaposition  is  real  and  not 
merely  optical. 

59* 
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^(rave's  clasnjkalwn  of  double  $tart.  —  The   syetemilia 

(Jescriptiona,  commenced  hj  Sir  W.  Hersohel,  h&s  been 
with  great  activity  and  BQceeas  by  Sir  J.  Hereebel,  Sir 
and  Profeaaor  Struve,  so  that  the  number  of  these  objeeta 
D,  as  to  charact«r  and  poeilion,  amounts  to  sever&l  tkm- 
individoala  of  each  pair  being  lead  tbin  32"  ssunder. 
i  been  classed  by  Professor  Stnivc  aceordiog  to  their  dis- 
inder,  tbc  first  class  being  separated  by  a  distaaeo  not 
1",  the  second  between  I'^^and  2",  the  third  between  2" 
e  fourth  between  4"  and  8",  the  fifth  betweeo  8"  and  12", 
between  12"  and  16",  the  sovoath  between  16"  and  24", 
ghlh  between  2-i"  and  32". 

Sehction  of  double  elan.— The  doobla  stars  id  the  follow- 
have  been  selected  by  Sir  J.  Herachel  from  Strure's 
as  remarkable  examples  of  each  class  well  adapted  for 
ns  by  amatenra,  who  may  be  disposed  to  try  by  them  the 
of  telescopes.      (&e  nextpage.} 

Coloured  double  tiarg.  —  Ono  of  the  eharaclers  observed 
i  double  stars  is  the  frequent  occurrence  of  stars  of  diSer- 

1059) ;  and  when  this  occurs,  it  is  possible  that  the  fainter 
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I  third  sUr  is  much  smaller  than  the  principal  Mwt,  fn 
|n  the  cases  of  C  Cancri,  t  Scorpii,  11  Slonocesos,  wd  13 
as  in  0  Oiionis,  the  four  compoDCQt  plan  ire 

BI/(''"ij)(b  to  ilUroKfT  the  ctcUoT  parallax  hy  double  tUn. 
Lhe  attention  of  oatranomcra  was  first  attracted  to  dooUe 
a  thought  thej  would  afford  a  most  promising  m«siu  of 
determining  the  aDDual  parallax,  and  therebj  d» 
covering  the  distance  of  the  stara.  If  we  snppoN 
the  two  individuals  composing  a  double  star,  being 
Eituatc  verj  Dearlj  in  the  same  direction  u  N«a 
from  the  earth,  to  be  at  very  different  distances, 
it  might  be  expected  that  their  apparent  relatics 
position  would  Tnrj  at  different  eensons  of  the 
year,  by  reason  of  tbe  change  of  position  of  th« 

Let  A  and  B,  Jiif.  ST5,  represent  the  two  in- 
dividuals composing  a  double  star.  Let  c  and  D 
represent  two  puaitionB  of  the  earth  in  itn  SDDuat 
orbit,  separated  by  an  interval  of  half  a  year,  and 
placed  therefore  on  opposite  sides  of  tbe  bud  f. 
When  viewed,  from  c,  the  star  B  will  be  to  tbe 
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faaads  to  resolve  finally  the  great  problem  of  the  stellar  parallazy 
and  Sir  William  Herschel  aoeordiDglj  engaged,  with  all  his  oharao- 
teriatio  ardour  and  sagacity,  in  an  extensive  series  of  observations 
on  the  numerous  double  stars,  for  the  original  discovery  of  which 
aoienee  was  already  so  deeply  indebted  ta  his  labours.  He  had 
Dol^  howeyery  proceeded  far  in  his  researches,  when  phenomena  un- 
folded themselves  before  him,  indicating  a  discovery  of  a  much 
higher  order  and  interest  than  that  of  the  parallax  which  he  sought 
He  fiMund  that  the  relative  position  of  the  individuals  of  many  of 
the  doable  stars  which  he  examined  were  subject  to  a  change,  but 
that  the  period  of  this  change  had  no  relation  to  the  period  <tf  the 
earth's  motion.  It  is  evident  that  whatever  appearanees  can  pro- 
ceed from  the  earth's  annual  motion,  must  be  not  only  periodic  and 
regular,  but  must  pass  annually  through  the  same  series  of  phases, 
always  showing  the  same  phase  on  each  return  of  the  same  epoch 
of  the  sidereal  year.  In  the  changes  of  position  which  Sir  William 
Herschel  observed  in  the  double  stars,  no  such  series  of  phases  pre- 
sented themselves.  Periods,  it  is  true,  were  soon  developed ;  but 
these  periods  were  regulated  by  intervals  which  neither  agreed  with 
each  other  nor  with  tne  earth's  annual  motion. 

3356.  Hu  ditcovery  of  binary  stars,  —  Some  other  explanation 
of  the  phenomena  must,  therefore,  be  sought  for;  and  the  illus- 
trious (^server  soon  arrived  at  the  conclusion,  that  these  apparent 
ehanges  of  position  were  due  to  real  motions  in  the  stars  themselves; 
that  these  stars^  in  fict,  moved  in  proper  orbits  in  the  same  manner 
as  the  planets  moved  around  the  sun.  The  slowness  of  the  suc- 
oesaion  of  changes  which  were  observed,  rendered  it  necessary  to 
watch  their  progress  for  a  long  period  of  time  before  their  motions 
could  be  certainly  or  accurately  known ;  and  accordingly,  although 
these  researches  were  commenced  in  1778,  it  was  not  until  the  year 
1803  that  the  observer  had  collected  data  sufficient  to  justify  any 
positive  conclusion  respecting  their  orbital  motions.  In  that  and 
the  following  year,  Sir  Willi^  Herschel  announced  to  ^the  Royal 
Society,  in  two  memorable  papers  read  before  that  body,  that  there 
exist  sidereal  systems  consisting  of  two  stars  revolving  about  each 
other  in  regular  orbits,  and  constituting  what  he  called  binary  stars, 
to  distinguish  them  from  double  stars,  ^nerally  so  called,  in  which 
no  such  periodic  change  of  position  is  discoverable.  Both  the  indi- 
Tiduals  (Sr  a  binary  star  are  at  the  same  distance  from  the  eye  in  the 
same  sense  in  which  the  planet  Uranus  and  its  attendant  satellites 
are  said  to  be  at  the  same  distance. 

More  recent  observation  has  fully  confirmed  these  remarkable 
discoveries.  In  1841,  Madler  published  a  catalogue  of  upwards 
of  100  stars  of  this  class,  and  e^rerj  year  augments  their  number. 
These  stars  reouire  the  best  telescopes  for  their  observation,  being 
generally  so  close  as  to  render  the  use  of  Yery'hig)x  m-a^wvC^^^ 
powen  indispenahle. 


S8S7.  Samriem-cfae  tarn ^ gnmOmHam  m  Aa  mm%- 
nrament  th«  nrohitioii  ti  OM  Mu  raaad  aaetbae  warn  weatk 
tha  idem  of  the  pMnbls  axtaiMioii  of  the  gmt  principla  of  pnH^ 
tun  to  theM  remote  lagioiu  tt  tba  oniveiM 
itMlf.     Newton  bu  prond  in  hk  Aute^ta,  1 
in  ID  ellipse  by  aa  attieMi**  fbne  diraoted  to 
will  T*i7  meooidiBg  to  tbe  Inr  whMi   Bhiwotariiw  ^ariWlHl' 


En,  that  if  abodviiMlie 
ItotbB  fcrai^lLilHi 


Thni  en  elliptiael  orUt  beeanw  »  !■(  of  tba  pn 
Ibe  tew  of  (TBTitatioi,  II,  thaiL  it  floold  be  ■ 
orbtle  of  the  donble  ilHi  wen'eUipna,  we  eboQ 
the  bet  tb«t  the  law  of  whieh  tbedi 


llhtjfc 


OB  the  neme  of  Newton,  b  not  eonllaed  to  tba  aok*  iiyiln^-M 


|o/<tar  aruvTid  glir  ell iptic  — Tim  first  dutial 
vlatioQ  by  which  ibe  true  elliptic  elem^nM  of  ik' 
J  star  were  ascertained,  was  Rupplied  in  1830,  t^  1L, 
Savery,  oho  showed  that  the  motion  of  one  of  the  tnoet  rrrniThHf 
of  theee  sUm  {i  Unee  mojorit),  indicated  an  elliptic  orlut  ttoBlM 
io  &8t  years.  Professor  Enckt,  by  another  process,  arrived  ri  dt 
fact  that  tbe  star  60  Ophinrkt  moved  in  an  ellipse  frith  a  peHdrf 
74  years.  Several  other  orbita  were  DBccrtaiDed  and  cotnpnliid  Ij  \ 
Sir  John  Hersehel,  MM.  Madler,  Iliod,  Siuytb,  and  othem.  M  \ 
The  following  Table  ia  given  by  Sir  J.  HetBchel,  aa  contaittaB  ' 
principal  results  of  ohBermlion  ia  this  port  of  stdhic 
to  18&0. 
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Tlie  elenwiita  No*.  1.  2,  8,  4,  c,  6.  a,  e,  T,  11  b,  12,  >.  ara  eilracUd  trnm 
M.  M&dler's  rrnoplio  tUw  of  the  history  of  double  stara.  in  tdI.  ii.  of  tb» 
Dorpat  ObHrrntiuns :  4  n.  Troin  tlie  Connoiiis.  dea  TempB.  IHoO;  4  b,  6  b, 
and  11  a,  from  toI.  *.  Tntns.  Astroa.  Soc.  Loud. :  6  ■,  from  Dertin  Epbe- 
neriB,  1833:  Ko.  8,  trom  Trsn*.  Ailron.  Soe.  <rol.  *). :  No.  0,  II  C,  12  b, 
maA  13  from  Notion  of  the  Aitronomiol  Sooiety,  toI.  tij.  p.  22,  and  viiL 
p.  1&9,  and  No.  10  fhin  Sir  John  Hersehel'a  '*  Keiulta  of  Aatronoraical  Obi 
••rrationB,  &e.,  at  tlie  Cape  of  Qood  Hope,"  p.  2!I7.  The  £  preGieil  to  No. 
7  danote*  tha  number  of  Ihe  ilar  in  M.  StniTe'i  Dorpst  CaUlogue  (Cata- 
I^;aB  SoTDB  StelUrum  Dopliciam,  &e,,  Dorpat,  1827),  wluch  eontaing  the 
places  for  1826  of  8112  of  thciie  objects.  , 

Tb«  "  poiitian  of  the  node  "  in  coL  4  eipreBsee  the  angle  of  position  of 
th*  Has  of  interaectiuD  of  the  plane  of  the  orbit,  with  the  plane  of  tlie 
litaTanB  on  which  it  ii  seen  projected.  The  ■'  inclinatioa  "  in  col.  C  is  the 
iaelination  of  these  two  planra  to  one  another.  Col.  6  shows  ike  angle 
actaallj  inclnded  in  the  piane  of  tkt  orbit,  between  the  line  ofnnilpB  (drfinod 
M  above]  and  the  line  of  apsides.  The  eleiaenla  assijcned  in  this  tahle  to 
<•  Leonis,  (  Bootia,  and  Castor  most  be  considered  as  very  doubtful,  and  the 
■•me  mMj  parhapa  be  said  of  thoas  ascribed  to  ^  2  Bootis,  which  rest  on  so 
^■all  aa  am  of  the  orbit,  and  that  too  imperfestlj'  obeerted,  to  atford  a 
MMia  bill*  of  oaUuUtiDn. 

8359.  Remarlcabhcaieofy 
TxTi/init. — The  most  remark- 
able of  theae,  according  to  Sir 
John  Heracbcl,  ia  y  VinjinU  ; 
not  odIj  on  account  of  the 
length  of  its  period,  but  by 
reason  also  of  the  great  dimi' 
nutioD  of  apparent  distance  and 
mpid  increase  of  angular  motion 
■boat  each  other,  of  the  indi- 
Tidnsls  composing  it.  It  \i  a 
bright  star  of  tliu  fourth  mag- 
nitude, nnil  its  cnniponeut  stars 
are  almoet  eiiicily  equnl.  It 
has  been  known  to  cnunist  of 
two  stars  nince  llic  bcginniiig 
of  the  eighteenth  century,  their 
disUDce  be  rug  then  bttvcen 
six  and  Mvcn  peconds;  so  that 
any  tolerably  good  telcEcope 
would  rpBiilve  it.  Since  that 
time  they  have  been  eonst;intly 
■ppmocUing,  and  ure  ut  prewint 
baxdly  more  than  a  single  stcond 
■Buru^r;  so  that  no  teleHenpe 
that  is  not  of  very  Bupcrior 
quality,  is  eonipetcnt  to  hhnw 
Uiem  otherwise  than  an  a  sioglo 
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Thftt  leugthened  in  one  dircclion.      It  fortnnatcly  happMii 
cy,  in  1718,  noticed  and  recorded,  in  tbe  margin  of  one 
servBtion-books,  the  apparent  direction   of  their  lins  of 
a  being  parallel  to  that  of  two  remarkable  stars  o  and  i  of 
onstcliation,  as  Been  by  tbe  naked  eye.     Tbey  are  cnteitd 
atinot  stars  in  Mayer's  catalogue ;  and  this  affords  »1m 
cans  of  recovering  their  relative  situation  at  the  date  of  bit 
ns,  which  were  made  about  the  year  1756.     lV't'">'"  V^- 
g  iodividual  measure  men  Is,  which  will  be  Toand  in  thnr 

ted  by  an  ellipse. 
Siiiijular  phenomena  jirodured  bg  ant  sofar  ryitem  Aia 

nd  tbe  case  of  a  lesser  sun  with  ita  attendant   pbneti 
ronnd  a  greater,  let  the  larger  sun,  Jig.  876,  with  iu 

erihelion,  and  nearest  to  tbe  greater  sun  s.  Moving  in  itt 
coarse  to  B,  it  is  at  its  mean  distance  from  the  sua  a.    At 

pbelion,  or  ita  most  distant  point,  and  finally  ret  nros  ibrotigh 
ribelioD  A.     The  sun  n,  because  of  its  vast  distance  fr^im 
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ferent  timca.  During  a  part  of  the  day  both  will  be  seen  at  onoe  in 
the  heavens,  oceupjine  different  places,  and  reaching  the  meridian 
at  difierent  times.  There  will  be  two  noons.  In  the  morning  for 
8ome  time,  more  or  less,  according  to  the  season  of  the  year,  one 
snn  only  will  be  apparent,  and  in  like  manner,  in  the  evening,  the 
■on  which  first  rose  will  be  the  first  to  set,  leaying  the  dominion  of 
the  heavens  to  its  splendid  companion. 

The  diurnal  and  annual  phenomena  incidental  to  the  planets 
atlexidinff  the  central  sun  s  will  not  be  materially  different,  except 
that  to  them  the  two  suns  will  have  extremely  diffisrent  magnitudes, 
and  will  afibrd  proportionally  different  degrees  of  light  The  lesser 
■an  will  appear  much  smaller,  both  on  account  of  its  really  inferior 
magnitude  and  its  vastly  greater  distance.  The  two  days,  therefore, 
when  they  occur,  will  be  of  vety  different  splendour,  one  being  pro- 
bably as  much  brighter  than  the  other  as  the  light  of  noonday  is  to 
thai  ci  full  moonlight,  or  to  that  of  the  momins  or  evening  twilight. 

But  these  singular  vicissitudes  of  light  will  become  still  more 
■triking,  when  the  two  suns  difiuse  light  of  different  colours.  Let 
us  examine  the  vety  common  case  of  the  combination  of  a  crtmson 
with  a  blue  sun.  In  general,  they  will  rise  at  different  times. 
When  the  blue  sun  rises,  it  will  for  a  time  preside  alone  in  the 
heavensy  diffusing  a  blue  morning.  Its  crimson  companion,  how- 
ever, soon  appeanng,  the  lights  of  both. being  blended,  a  white  day 
will  follow.  As  evening  approaches,  and  the  two  orbs  descend 
tcyward  the  western  horizon,  the  blue  sun  will  first  set,  leaving  the 
erimaon  one  alone  in  the  heavens.  Thus  a  ruddy  evening  closes 
this  curious  succession  of  varjring  lights.  As  the  year  rolls  on, 
these  changes  will  be  varied  in  every  conceivable  manner.  At  those 
seasons  when  the  suns  are  on  opposite  sides  of  the  planet,  crimson 
and  Une  days  will  alternate,  without  any  intervening  night;  and  at 
the  intermediate  epochs  all  the  various  intervals  of  rising  and  setting 
of  the  two  suns  will  be  exhibited. 

8361.  Magnitude  of  the  stellar  orbits, — It  is  evident  that  in  any 
ease  in  which  the  parallax  of  a  binary  star,  and  consequently  its 
distance  from  our  system,  has  been  or  may  be  discovered,  the  mag- 
nitude of  the  orbit  of  one  described  round  the  other  can  be  deter- 
mined with .  a  precision  and  certainty  proportional  to  those  with 
whioh  the  parallax  is  known.  For,  in  that  case,  the  linear  value 
of  1"  at  the  star  will  be  found  by  dividing  the  earth's  distance  from 
the  sun  bv  the  parallax  expressed  in  seconds. 
'  The  buary  stars  61  Cifgni  and  a  Centauri  supply  examples 
of  the  application  of  this  principle.  The  parallax  of  these  stars 
has  been  ascertained  (2605).  That  of  61  Cygni  is  0-348,  and  the 
semi-axis  of  the  elliptic  orbit  of  one  star  round  tho  other  is  15*5''. 
The  semi-diameter  of  the  earth's  orbit  being  D,  therefore,  the  linear 
IJL  60 


15-5 


44-54  c 


Is,  therefore,  that  tbe  Bcmi-aiis  of  the  orbit  is  greater  lliu 
leptuoe's  orbit  in  the  ratio  of  3  to  2. 

;le  Eubtended  by  the  Bemi-aiis  of  the  elliptic  orbit  of 
is  not  GO  certaJDl;  !kDown,  but  is  taken  to  be  ftbool 

:  parallax  of  tbia  star  being  0913",  wo  sboald  then 


12 

'^  0-913" 


=  1314  E 


iiis  of  the  stellar  orbit  vould,  tbercfore,  be  about  a 

in  the  orbit  of  Saturn. 

I  of  binary  tlars  delermiittd  by  their  parallax  ami 

ISiiice  b;  (2634)  the  relation  of  tbe  Gcmi-axis  of  [be  orbiu 
'  die  Umes  determines  the  relative  mnaBea  of  the  centnl 
c  enabled  to  compare  the  mass  of  the  eentml  atir  of  • 
1  with  that  of  the  sua,  ia  all  cases  in  nbich  tbe  real 
|of  the  orbit  and  the  periodic  time  are  koown.     Tbiu,  let 
IS  of  the  ccDtntl  BtAr,  a'  the  semt-aiis  of  ihe  orbit,  and 
D  time,  and  let  »  be  tho  mass  of  tbe  bud,  a  the  teni- 
9  orbit,  and  e  the  earih'x  period,  and  we  ehall 
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of  apparent  pontioo  on  the  surfiMW  of  the  heayens.  The  stars,  on 
the  oontrary,  so  ftr  as  the  powers  of  the  eye  nnaided  hj  art  can 
discoTer,  never  change  their  relative  position  in  the  firmament,  which 
seems  to  be  carried  round  us  by  the  dinmal  motion  of  the  sphere, 
jnst  as  tf  the  stan  were  attached  to  if^  and  merely  shared  in  its 
apparent  HUitioii. 

But  the  slan^  thoagh  snbjeot  to  no  notion  peroeptible  to  the 
naked  eye^  are  not  ahMlnlely  fixed.  When  the  phMse  of  a  star  on 
the  heavena  is  exactly  observed  by  means  of  good  sstronomical  in- 
atmmenls,  it  is  found  to  be  sabjeet  to  a  chuige  from  month  to 
month  and  firom  year  to  year,  small  indeed,  but  still  easily  observed 
and  certainly  ascertained. 

8364.  The  mn  not  a  fixtd  centre.  —  It  has  been  demonstrated 
by  Laplsce,  that  a  system  of  bodies,  such  as  the  solar  system,  placed 
in  space  and  submitted  to  no  other  continued  force  except  the  recip- 
rocal attractions  of  the  bodies  which  compose  it,  must  either  have 
its  common  centre  of  gravity  stationary  or  in  a  state  of  uniform 
rectilinear  motion. 

8365.  Effect  of  the  tufC$  Mupposed  motion  on  the  apparent  places 
of  the  9iar$, — ^The  chances  agunst  the  conditions  which  would  render 
ne  snn  stationary,  compared  with  those  which  would  give  it  a  mo- 
tion in  9ome  direction  with  tome  velocity,  are  so  numerous  that  we 
may  pronounce  it  to  be  morally  certain  that  our  system  is  in  motion 
in  some  determinate  direction  through  the  universe.  Now,  if  we 
snppose  the  sun  attended  by  the  planets  to  be  thus  moved  through 
space  in  any  direction,  an  observer  placed  on  the  earth  would  see  the 
effects  of  such  a  motion,  as  a  spectator  in  a  steamboat  mo^off  on  a 
river  would  perceive  his  progressive  motion  on  the  stream  oy  an 
^>parent  motion  of  the  banks  in  a  contrary  direction.  The  observer 
on  the  earth  would,  therefore,  detect  such  a  motion  of  the  solar 
^stem  through  space  by  the  apparent  motion  in  the  contrary  direo- 
tum  with  which  the  stars  would  be  affected. 

Such  a  motion  of  the  solar  system  would  affect  different  stars  dif- 
ferently. All  would,  it  is  true,  appear  to  be  affected  by  a  contrary 
motion,  but  all  would  not  be  eoually  affected.  The  nearest  would 
appear  to  have  the  most  perceptiole  motion,  the  more  remote  would 
be  aflected  in  a  less  degree,  and  some  mieht,  from  their  extreme 
distance,  be  so  slightly  a£cted  as  not  to  exhioit  any  apparent  change 
of  place,  even  when  examined  with  the  most  delicate  instruments. 
To  whatever  deme  each  star  might  be  affected,  all  the  changes  of 
position  would,  however,  apparentiy  take  place  in  the  same  direction. 

The  apparent  effects  would  also  be  exhibited  in  another  manner. 
The  stars  in  that  region  of  the  universe  toward  which  the  motion 
of  the  system  is  directed,  would  appear  to  recede  from  each  other, 
nie  spaces  which  separate  them  would  seem  to  be  gradually  aug- 
mented, whDe,  on  the  contrary^  the  stars  in  the  o^^tA  c^iax\«t 


^^^H^^IHI 
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to  be  crowded  more  cIokI;  together,  the  autmea  U 

prchended  by  jt,.  877. 

Fig.  8T7. 

e  line  8  B*  repreecnt  llie  direction  of  the  motion  of  ibc 
d  let  s  aod  s'  represent  ita  pontioos  at  any  two  epochs. 

A  s  B,  and  B  s  0,  while  at  8'  they  would  appear  8ep«»ied 
acr  anglca  A  8*  B,  and  B  b'  c.     Seeo  from  s*,  the  sbirs  ABC 
in  to  ^e  closer  together  than  they  were  when  seen  from  B. 
eason  the  stars  adc,  towarda  which  the  syateca  a  here 
0  move,  would  Beem  to  be  closer  together  when  seen  from 
len  Bceu  from  s'.     Tliua,  in  the  quarter  of  the  heaveiiB 

■ 
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Heroalu.  About  the  same  time,  Prevost  ctme  to  a  like  eonclonony 
•sagiiiDgy  however,  the  direction  of  the  Buppoeed  motion  to  a  point 
differing  bj  27^  from  that  indicated  by  Sir  W.  Hersohel. 

Since  that  epoch,  the  proper  motions  of  the  stars  have  been  more 
extensivcdj  and  aeewrateij  obeerved,  and  ealculatiims  of  the  motion 
of  the  son  which  thej  indicate,  have  been  made  b^  sereral  astrooo- 
mera.  The  following  points  have  been  amgned  as  the  direction  of 
the  solar  motiooiii  IjQO: — 

B»  A.  M.  P.  D. 


260«  84' 

63^43' 

Sir  W.  Herschel 

256*  26' 

51*^  23' 

Argelander. 
Ditto. 

255^  1(K 

51°  26' 

26P  ir 

59<>    2' 

•          Ditto. 

262«  63' 

76*^  34' 

Lnhndahl. 

261°  22' 

62<'  24' 

Otto  StruTC. 

The  first  estimate  of  Argelander  was  made  from  the  proper  motions 
of  21  stars,  each  of  which  has  an  annual  motion  greater  than  1"; 
the  second  from  60  stars  haying  annual  proper  motions  between  1" 
and  0'6",  and  the  third  from  those  of  319  stars  having  motions 
between  0*6^'  and  0*1".  The  estimate  of  M.  Lnhndahl  is  based  on 
the  motions  of  147  stars,  and  that  of  M.  Struve  on  392  stars. 

The  mean  of  all  these  estimates  is  a  point  whose  right  ascension 
k  269°  9',  and  north  polar  distance  6°  23',  which  it  will  be  seen 
differs  very  little  from  the  point  originally  assigned  by  Sir  W. 
HerseheL 

All  the  precedinff  calculations  being  based  on  observations  made 
on  stars  in  the  northern  hemisphere,  it  was  obviously  desirable  that 
similar  estimates  should  be  made  from  the  observed  proper  motions 
isi  southern  stars.  Mr.  Ghdloway  undertook  and  executed  these 
calculations ;  and  found  that  the  southern  stars  gave  the  direction 
ni  the  solar  mo^on  for  1790,  to  be  towards  a  point  whose  right 
ascension  is  260°  1',  and  north  polar  distance  66°  37'. 

No  doubt  therefore,  can  remain  that  the  proper  motion  of  the 
stars  is  produced  by  a  real  motion  of  the  solar  system,  and  that  the 
direction  of  this  motion  in  1790  was  towards  a  point  of  space  which 
seen  from  the  then  position  of  the  system  had  the  right  ascension 
of  about  260°,  and  the  north  polar  distance  of  about  66°. 

3367.  Vdocity  of  the  wolar  motion, — It  follows  from  these  calcu- 
lations, that  the  average  displacement  of  the  stars  requires  that  the 
motion  of  the  sun  should  be  such  as  that  if  its  direction  were  at 
right  angles  to  a  visual  ray,  drawn  from  a  star  of  the  first  magnitude 
ofaverage  distance,  its  apparent  annual  motion  would  be  0*3392^^ ; 
and  taking  the  average  parallax  of  such  a  star  at  0*209",  if  D 
express  the  semi-axis  of  the  earth's  orbit,  the  annual  motion  of  the 
sun  would  be 

60* 
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therefore,  Ibat  the  annual  moUoa  of  the  equ  would  be 
1-623  X  95,000,000  =  1&1,200,000  milu; 
lil;  motion 

'».»«™    -4.2,000  ^„. 

equal  to  something  more  than  the  fourth  of  the  euth*! 
.ion. 

ThepTohaUc  centre  of  loiar  molton. — The  motion  of  tba 
biis  been  computed  in  what  precedes,  is  that  wluch  it 
lartioulat  epoch.     No  account  is  taken  of  the  possible  « 
tiangos  of  direction  of  such  motion.     To  suppose  that  tha 
m  bhould  move  coOtiitaouBlj  io  one  and  the  same  direc- 
d  be  e<iuivaleDt  to  the  supposition  that  no  body  or  coUec- 
iea  in  the  universe  would  eiereise  any  attraction  upon  it 
□usty  more  consistent  vith  probability  and  onalogj,  that 
1  of  the  system  is  orbital,  that  is  to  saj,  that  it  revolves 
e  remoto  centre  of  attraction,  and  that  the  direction  of  its 
ust  coDtioually  change,  although  such  change,  ovring  to 
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pression  will  be  corrected,  and  it  will,  on  the  contrary,  be  fonnd 
that  the  distribution  of  the  stars  over  the  snrfiice  of  the  celestial 
sphere  follows  a  distinct  and  weU-defined  law;  that  their  densitj^ 
or  the  number  of  them  which  Is  found  in  a  siven  space  of  the 
heavens,  varies  regularly,  inereasing  ccmtmnally  in  certain  directions 
and  decreasing  in  others. 

Sir  W.  Herschel  submitted  the  heavoiSy  or  aft  least  that  part  of 
them  which  is  observable  in  these  latitudes,  to  a  rigorous  telescopic 
survey,  counting  the  number  of  individual  stars  visible  in  the  field 
of  view  of  a  telescope  of  certain  aperture,  focal  length,  and  magni- 
fying power,  when  directed  to  diffnent  parts  of  the  firmament  The 
result  of  this  survey  proved  that,  around  two  points  of  the  celestial 
sphere  diametricaUy  opposed  to  each  other,  the  stars  are  more  thinly 
scattered  than  elsewhere ;  that  departing  from  these  points  in  any 
direction,  the  number  of  stars  included  m  the  field  of  view  of  the 
same  telescope  increases  first  slowly,  but  at  a  greater  distance  more 
rapidlv ;  that  this  increase  continues  until  the  telescope  receives  a 
direction  at  right  angles  to  the  diameter  which  joins  the  two  opposite 
points  where  vie  distribution  is  most  sparse  ;>  and  that  in  this  direc- 
tion the  stars  are  so  dosel^  crowded  together  that  it  becomes,  in 
some  cases,  impracticable  to  count  them. 

3870.  Galactic  circle  and  pole$,  —  The  two  opposite  points  of 
the  celestial  sphere,  around  which  the  stars  are  observed  to  be  most 
sparse,  have  been  cadled  the  oalactio  poles;  and  the  great  circle 
tk  right  angles  to  the  diameter  joining  these  points,  has  been  deno- 
minated the  GALAcno  circle. 

This  circle  intersects  the  celestial  equator  at  two  points,  situate 
10®  east  of  the  equinoctial  points,  and  is  inclined  to  the  equator  at 
an  angle  of  63®,  and,  therefore,  to  the  ecliptic  at  an  ansle  of  40^. 

In  referring  to  and  explaining  the  distribution  of  &e  stars  over 
the  celestial  sphere,  it  will  be  convenient  to  refer  them  to  thb  circle 
and  its  poles,  as,  for  other  purposes,  they  have  been  referred  to  the 
equator  and  its  poles.  We  shall,  therefore,  enress  the  distance  of 
different  points  of  the  firmament  from  the  galactic  circle,  in  either 
hemisphere,  by  the  terms  north  and  south  galactic  latitude. 

8371.  Variation  of  the  stellar  dennty  in  relation  to  this  circle. 
—  The  elaborate  series  of  stellar  observations  in  the  northern  hemi- 
sphere made  during  a  great  part  of  hb  life,  by  Sir  W.  Herschel, 
and  subsequently  extended  and  continued  in  the  southern  hemi- 
sphere by  Sir  J.  Herschel,  has  supplied  data  by  which  the  law  of 
the  distribution  of  the  stani,  acceding  to  their  galactic  latitude,  has 
been  ascertained  at  least  with  a  near  approximation. 

The  sreat  celestial  survey  executed  by  these  eminent  observers, 
was  coDduoted  upon  the  principle  explained  above.  The  telescope 
used  for  the  purpose  had  18  inches  aperture,  20  feet  focal  length, 
and  a  magnifying  power  of  180.     It  was  directed  indiacrimiuatel^ 
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liat  or  tlio  ccleatial  epbcre  visible  ia  the  ktitode  of  ibt 

bscrvalion. 

(as  the  &eU  of  view  waa  called),  •waa  nearly  tbe  mm  tot 
^lactic  latitude,  and  iDcrcased  in  proceeding  from  tbe  g> 
,  very  slowly  at  first,  but  with  greW  rapidity  when  lb* 
titudo  was  much  diminished. 

ifruoe'i  analj/nt  of  Ihrick^i  obun-tatiiMi.  —  An  analjm 
^rvations  of  Sir  W.  Herechel,  in  the  DOribera  beiuispherc 
by   I'rofeaeor  Strove,  with  the  view  of  determiuiug  the 
fity  of  tbe  stars  in  suooessive  looes  of  galactic  Uiiwde; 
3  analysis  has  been  made  of  the  ohservations  of  Si*  J. 
io  the  Boutbcra  hemi8[ihere. 

msgiae  tbe  celestial  sphere  resolved  into  a  suceeasion  of 
b  measuring  16°  in  breadth,  and  bounded  by  parallels  la 
Jo  circle,  the  average  number  of  stare  included  witkb  * 

the  fourth  part  of  that  of  tbe  disk  of  the  sun  or  moon, 
at  which  is  given  in  the  second  column  of  the  following 
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of  whitish  Bebnloiw  light  This  appearaDoe  esctenda  over  a  Tast 
extent  of  the  celestial  sphere,  deviatiDg  in  some  places  from  the 
exact  direction  of  the  galactic  oircley  bifurcating  and  diverging  into 
two  branches  at  a  certain  point  which  afterwards  reunite,  and  at 
other  places  throwing  oat  off-shots.  This  appearance  was  denomi- 
nated the  T^XocfeOi  or  the  galaxy/  bj  the  ancients,  and  it  has  re- 
tained thatname. 

The  coarse  of  the  milky  way  may  be  so  much  more  easily  and 
clearly  followed  by  means  of  a  map  of  the  stars,  or  a  celestial  fflobe, 
upon  which  it  is  delineated,  tiiat  it  will  be  needless  here  to  descnbe  it 

8374.  £  eomitU  of  innumerohU  itan  crowded  together, — When 
this  neboloos  whiteness  is  submitted  to  tdescopio  examination  with 
iDBtniments  of  adequate  power,  it  proves  to  be  a  mass  of  counUess 
numbers  of  stars,  90  small  as  to  be  individually  undistioguishable, 
and  so  crowded  together  as  to  give  to  the  place  they  occupy,  the 
whitish  appearance  from  which  the  milky  way  takes  its  name. 

Some  idea  may  be  formed  of  the  enormous  number  of  stars  which 
are  crowded  toother  in  those  parts  of  the  heavens,  by  the  actual 
number  so  distincUy  visible  as  to  admit  of  being  counted  or  esti- 
mated, which  are  stated  by  Sir  W.  Herschel  to  have  been  seen  in 
spaces  of  given  extents  lie  states,  for  example,  that  in  those  parts 
of  the  miUcy  way  in  which  the  stars  were  most  thinly  scattered,  he 
sometimes  saw  eighty  stars  in  each  field.  In  an  hour,  fifteen  de- 
grees of  the  firmament  were  carried  before  his  telescope,  showioff 
successively  sixty  distinct  fields.  Allowing  eighty  stars  for  each  of 
these  fields,  there  were  thus  exhibited,  in  a  single  hour,  without 
moving  the  telescope,  four  thousand  eight  hundred  distinct  stars  I 
But  by  moving  the  instrument  at  the  same  time  in  the  vertical  di- 
rection, he  found  that  in  a  space  of  the  firmament,  not  more  than 
fifteen  degrees  long,  by  four  broad,  he  saw  fifty  thousand  stars,  large 
enough  to  be  individually  visible  and  distinc^  counted  I  The  sur- 
prising character  of  this  result  will  be  more  adequately  appreciated, 
if  it  is  remembered  that  this  number  of  stars  thus  seen  in  the 
space  of  the  heavens,  not  more  than  thirty  diameters  of  the  moon's 
disk  in  length  and  eight  in  breadth,  is  fifty  times  greater  than  all 
the  stars  tdcen  together,  which  the  naked  eye  can  perceive  at  any 
one  time  in  the  heavens,  on  the  most  serene  and  unclouded  night  I 

On  presenting  the  telescope  to  the  richer  portion  of  the  via  lacteoj 
Herschel  found,  as  might  be  expected,  much  greater  numbers  of 
stars.  In  a  single  field  he  was  able  to  count  588  stars ;  and  for 
fifteen  minutes,  the  firmament  being  moved  before  his  telescope  by 
the  diurnal  motion,  no  diminution  of  number  was  i^parent,  so  that 
he  estimated  that  in  that  space  of  time,  116,000  stars  must  have 
passed  in  review  before  him;  the  number  seen  at  any  one  time 

•  From  the  Greek  word  y4hm  ydkaicrt^  milk. 
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Ut  tlinn  can  be  seen   by  tlip  nati.-<]  ry.  on  iV  «itm 
pxOTpl  Oil  iho  clearest  nighifl. 
n.r  ;,ro/,ui/-^  /,rm  0/  tht  Urofum  r/  »(„«  ,«   vhifk  th 
n-'/.— It  ma;  be  coosklenKt  u  eEtablishpd  by  a  faodj  rf 

evidence,  having  all  the  force  of  demonstration,  lint  th« 

liey  may  ijiffr!r  more  or  legs  from  our  eno  anil  from  tiA 
Bgnitudo  and  jutrinsic  loBtre,  they  liave  a  certain  afen^ 

'.      Assuming,  thi^n,   that  they  are  Kparated  from  aik 

the  rapid  ieereaae  of  stellar  density  in  approaching  the 
loe,  combined  with  the  observed  form  of  the  milky  my, 
lowing  Ihe   galactic  plane  in  its  general  coarse  departs 
M  from  it  at  some  points,  bifiimiteH,  reaolving  itself  into 

conducted  Sir  W.  Herscbol  to  the  conclngion,  that  the 
r  firmament,  including  those  which  the   telescope  Tfndera 
well  as  those  visible  to  ifao  naked  ej-e,  innii-inl  of  being 
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fill  be  the  direotioii  ef  the  north,  and  t  j>  that  of  the  wmth  gahotie 
lole.  Let  z  h  represent  the  two  bnuiohes  which  bifiireate  from  the 
ihief  atntam  at  b.  Now,  if  we  imagine  Tisoal  lines  to  be  dnwn 
Sma  «  in  all  direetionai  it  will  be  wparent  that  those  »  o  and  z  d, 
vbioh  are  directed  to  the  galactic  polcMii  pass  throngh  a  thinner  bed 
if  stars  than  any  of  the  ouers ;  and  since  z  is  snppiosed  to  be  nearer 
o  the  northern  than  to  the  southern  side  of  the  stratum,  z  c  will 
MSB  Uirooffh  a  less  thickness  of  stars  than  zD,  As  the  visual  lines 
UPB  incUned  at  greater  and  greater  angles  to  2;  A,  their  length  rapidl  j 
leeraases,  as  is  eyident  by  eomparing  zAy  zit,  and  zr,  which 
oplains  the  fact  that  while  the  stars  are  as  thick  as  powder  in  the 
liVBOtion  z  Af  they  become  less  so  in  the  direction  z  ■,  and  still  less 
A  tlie  direction  z F,  until  at  the  poles  in  the  directions  zo  and  9 D, 
im  become  least  dense. 

On  the  other  side,  z  B  being  less  than  «  A,  a  part  of  the  niactio 
ande  is  found  at  which  the  stars  are  more  thinly  scattered;  out  in 
MO  directions,  z  h  intermediate  between  z  b  and  the  galactic  polesy 
hej  again  become  nearly  as  dense  as  in  the  direction  z  a. 

This  illustration  must,  however,  be  taken  in  a  very  general  sense. 
^o  attempt  is  made  to  represent  Uie  various  off-shoots  and  variations 
it  length,  breadth,  and  depth  of  the  stratum  measured  from  the 
Msition  of  the  solar  system  within  it,  which  have  been  indicated 
yj  the  telesco|uo  aomndingz  of  Sir  W.  Herschel  and  his  illustrious 
Km,  whose  wondrous  labours  have  effected  what  promises  in  time, 
IT  the  persevering  researches  of  their  successors,  to  become  a  com- 
pete analysis  of  this  most  marvellous  mass  of  systems.  Meanwhile 
t  mav  be  considered  as  demonstrated  that  it  consists  of  myriads  of 
SS^^.'^hstered  together: 

'*  A  broad  and  ample  road,  whose  dost  is  gold, 
And  pavement  stars,  as  stars  to  us  appear ; 
Seen  in  the  galaxy,  that  Milky  Way, 
Like  to  a  oiroUng  xone  powder*d  with  stars."-;— Mjlton. 

The  appearance  which  this  mass  of  stars  would  present  if  viewed 
^m  a  position  directly  above  its  general  plane,  and  at  a  sufficient 
listance  to  allow  its  entire  outline  to  bo  discerned,  was  represented 
by  Sir  Wm.  Herschel  as  resembling  the  starry  stratum  sketched 
n  Plate  XXVI. 

He  considered  that  it  was  probable  that  the  thickness  of  this  bed 
y/ttars  was  equal  to  about  eighty  times  the  distance  of  the  nearest 
k  the  fixed  stars  from  our  system ;  and  supposing  our  sun  to  be 
Dear  the  middle  of  thb  thickness,  it  would  follow  that  the  stars  on 
its  surface  in  a  direction  perpendicular  to  its  general  plane  would 
t)e  at  the  fortieth  order  of  distance  from  us.  The  stars  placed  in 
the  more  remote  edges  of  its  4engih  and  breadth  he  estimated  to  be 
in  some  places  at  the  nine-hundredth  order  of  d\&ta.i\^fs^\EL>^^^fi^ 
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the  naked  eye,  would,  to  telescopes  of  adequate  power,  present  the 
■•me  whitish  nebulous  appearance ;  and  that  we  might  look  forward 
without  despair  to  such  augmentation  of  the  powers  of  the  telescope 
is  maj  even  enable  us  to  perceive  them  to  be  actual  clusters  of  stars. 

8377.   Such  dusters  of  stars  innumerable, —  Such  anticipations 

kave  accordingly  been  realised.     In  various  parts  of  the  firmament 

objects  are  seen  which,  to  the  naked  eye,  appear  like  stars  seen 

through  a  mist,  and  sometimes  as  nebulous  specks,^ which  might  be, 

and  not  unfrequcntly  are  mistaken  for  comets.     With  ordinary  tele- 

foopes  these  objects  are  visible  in  very  considerable  numbers,  and 

were   observed    nearly  a  century  ago.     In   the    Connoissance  des 

Temps,  for  1784,  Messier y  then  so  celebrated  for  his  observations  on 

•oneta,  published  a  catalogue  of  103  objects  of  this  class,  of  many 

«f  wbich  he  gave  drawings,  with  which  all  observers  who  search  for 

CMoeta  ought  to  be  familiar,  to  avoid  being  misled  by  their  resem- 

blanoe  to  them.     The  improved  powers  of  the  telescope  speedily  dis- 

cbaed  to  astronomers  the  nature  of  these  objects,  which,  when  ez- 

•ained  by  sufficient  magnifying  powers,  prove  to  be  masses  of  stars 

postered  together  in  a  manner  identical  with  that  cluster  in  which 

HUr  ton  is  placed.     They  appear  as  they  do,  mere  specks  of  whitish 

i^ty  because  of  their  enormous  distance. 

[^8878.  Distribution  of  clusters  and  nebulae  on  the  firmament.  — 

objects  are  not  distributed  fortuitously  and  indifferently  on 

1  parts  of  the  heavens.    They  are  wholly  absent  from  some  regions, 

'^  aome  rarely  found,  and  crowded  in  amazing  profusion  in  others. 

disposition,  however,  is  not  like  that  of  the  stars  in  general, 

lined  by  a  great  circle  of  the  sphere  and  its  poles.     It  was 

that  they  showed  a  tendency  to  crowd  towards  a  zone  at 

It  angles  to  the  galactic  circle,  but  a  careful  comparison  of  their 

Ion  does  not  confirm  this.     According  to  Sirs  W.  and  J.  Her- 

ihe  nebulas  prevail  most  around  the  following  parts  of  the 

"  sphere : — 


The  North  Galactlo  Pole. 
Leo  major. 
Leo  minor. 
Vita  major. 


6  Canes  Yenatici. 

6  Coma  Berenici. 

7  Bootes  (prccedingly). 

8  Virago  (head,  wings  and  shcnlder;. 


parts  of  the  heavens,  on  the  other  hand,  where  they  are  found 
smallest  numbers,  are : — 


Aries. 

Tanrus 

Orion  (head  and  shoulders). 

Auriga. 

Ferseus. 

femelopardns. 


7  Draco. 

8  Hercules. 

9  Serpentarius  (northern  part). 

10  Serpens  (tail). 

11  Aquila  (tail). 

12  Lyra. 


Bbe  southern  hemisphere  their  distribotiou  ia  more  unXioxxsi. 
jr.  61 


■ 
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'^omlHiiti'm   nf  fht   rlutlrri  onrf  Brfiufe.  —  Wbrt  tiiM    1 
,  and  c'f  what  ihcy  severiilly  consist,  ndtnirs  of  no  rcisM-    | 
.     So  fur  as  rclales  to  ihc  stellar  clualetB.  ihcir  consljHieiil 
■iaible.     Tbcy  are,  as  their  name  imports,  masses  of  tUn 
□geilicr  at  certain  points  in  tbe  re^nons  of  space  wkich 
ond  tbe  limits  of  our  ona  cluster,  aoA  are  bj  disUnceia 
tbe  visual  magnitude  ibal  an  entire  cluster  will  "ppnt 
ed  pye,  if  it  be  visible  at  all,  ns  a  single  star,  and  whm 
tbe  telescope  will  be  iucludcd  within  the  limit  of  a  sbgie 

t  clusters  enbibit  their  component  stars  secD  with  tha 
nifying  power  more  or  less  dblinclly.     This  may  be  U- 
ther  by  difference  of  dislaoce,  or  by  tbe  supposition  iImI 
consist  of  stars  of  different  real  magaiLndes,  and  crowded 
ss  closely  together.     Tbe  fonner  supposition  is,  howerer, 

b;cou8.     Sir  J.  Herschel  Bays,  that  the  cluster  which  sur- 
L'rui'is  in  tbe  southern   hemisphere,  occupies  tbe  48th  put 

ilie  moon's  disk,  and  coosiats  t>f  nb.™t  110  stars  from  the 
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3380.  Nebular  hypothesis. — A  theory  was  put  forward  to  explain 
these  objects,  based  upon  views  not  in  accordance  with  what  has 
just  been  related.  It  was  assumed  hypothctically  that  the  nebulous 
matter  was  a  sort  of  luminous  fluid  diffused  through  different  parts 
of  the  universe  ;  that  by  its  aggregation  on  certain  laws  of  attraction 
solid  luminous  masses  in  prqcess  of  time  were  produced/  and  that 
these  nebulae  grew  into  clusters. 

It  would  not  be  compatible  with  the  limits  of  this  work,  and  the 
objects  to  which  it  is  directed,  to  pursue  this  speculation  through 
ha  consequences,  to  state  the  arguments  by  which  it  is  supported 
and  opposed )  and  it  is  the  less  necessary  to  do  so,  seeing  that  such 
an  hypothesis  is  not  needed  to  explain  appearances  which  are  so 
much  more  obviously  and  simply  explicable  by  the  admission  of  a 
gradation  of  distances. 

3381.  Forms  apparent  and  real  of  the  clusters, — ^The  apparent 
forms  of  these  objects  are  extremely  various,  and  subject  to  most 
extraordinary  and  unexpected  changes,  according  to  the  magnifying 
power  under  which  they  are  viewed.  This  ought,  however,  to 
excite  no  surprise.  The  telescope  is  ao  expedient  by  which  a  well- 
defined  and  strongly  illuminated  optical  image  of  a  distant  object  is 
formed  so  claso  to  the  ob:$erver,  that  he  is  enabled  to  view  it  with 
microscopes  of  greater  or  less  power,  according  to  the  perfection  of 
its  definition,  and  the  intensity  of  its  illumination.  Now,  it  is 
known  to  all  who  are  familiar  with  the  use  of  the  microscope,  that 
the  apparent  form  and  structure  of  an  object  change  in  the  most 
remarkable  and  unexpected  way  when  viewed  with  different  micros- 
copic powers.  The  blood,  for  example,  which  viewed  with  the 
naked  eye,  or  with  low  powers,  is  a  uniformly  red  fluid,  appears  as 
a  pellucid  liquid,  having  small  red  disks  floating  in  it,  when  seen 
with  higher  powers  (46).  Like  effects  are  manifested  in  the  cases 
of  the  nebulae,  when  submitted  to  examination  with  different  and 
increasing  magnifying  powers,  of  which  we  shall  presently  show 
many  striking  examples. 

The  apparent  forms  of  the  stellar  clusters  are  generally  roundish 
or  irregular  patches.  The  stars  which  compose  them  are  always 
much  more  densely  crowded  together,  in  going  from  the  edges  of  the 
cluster  towards  the  centre,  so  that  at  the  centre  they  exhibit  a  per- 
fect blaze  of  light. 

The  apparent  form  is  that  of  a  section  of  the  real  form,  made  by 
a  plane  at  right  angles  to  the  visual  ray.  If  the  mass  had  a  motion 
of  rotation,  or  any  other  motion  by  which  it  would  change  this  plane, 
80  as  to  exhibit  to  the  eye  successively  different  sections  of  it,  its 
real  form  could  be  inferred  as  those  of  the  planets  have  been.  But 
there  are  no  discoverable  indications  of  any  such  motion  in  these 
objects.  Their  real  forms,  therefore,  can  only  be  conjectured  from 
comparing  their  apparent  forms  with  their  structural  appearance. 
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sters  having  round  apparent  forms,  and  of  *Wdi  tlia 
rapidly  more  dcnpe  towards  the  centres,  are  inferrod  to  U 
buliir  or  siihenjidal  masses  of  stars,  the  greater  appnMl 
passing  from  tbo  edges  to  the  centre  being  cxpUiMd  bj 
r  thickaesa  of  the  mass,  in  tbe  direction  of  the  visiul  liac- 
r  irregubr  outline  which  show  also  a  density  incrEUtcg 
are  also  inferred,  for  like  reasons,  to  be   masses  of  stin, 
lensions  in  the  direction  of  tbe  TJaual  rays  correspond  trili 
osiona  in  the  direction  at  right  angles  to  those  nja. 
Fornu  opparenl  and  real  of  the  nibulec. — These  otjecla 
rras  mucii  more  varions  than  those  presented  by  the  tins- 
uo   are  circular,  with  more  or  less  precision  of  outliof. 
elliptical,  tbo  oval  outline  having  degrees  of  eocentriffltj 
various,  from  one  which  scarcely  diffen  from  a  circle,  to 
1  is  compressed  into  a  form  not  sensibly  different  from  x 
iiie.     In  short,  the  minor  mis  of  the  ellipses  bears  all 
s  to  the  miijor  axis,  until  it  becomeg  B  very  small  fmcaon 

tr  the  real  from  the  apparent  forms  of  those  objects  with 
rity,  there  are  no  sufficient  data.      Hut  in   the   cases  in 
brightness  iocTcascs  rapidly  towards  the  centre,  which  it 
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Thefle  doable  nebulsB  are  geDerally  circular  in  their  apparent,  and 
therefore  probably  globular  in  their  real  form.  In  some  cases  thej 
mre  resolvable  clusters. 

That  such  pairs  of  clusters  are  phjsicallj  connected  does  not 
admit  of  a  reasonable  doubt,  and  it  is  highly  probable  that,  like  the 
binary  stars,  they  move  round  each  other,  or  round  a  common  centre 
of  attraction,  although  the  apparent  motion  attending  such  revo- 
lation  is  rendered  so  slow  by  their  immense  distance  that  it  can  only 
be  ascertained  after  the  lapse  of  a^es. 

8384.  Planetary  nehu/as.  —  This  class  of  objects  derive  their 
name  from  their  close  resemblance  to  planetary  disks.  They  arc  in 
general  either  circular  or  very  slightly  oval.  In  some  cases  the  disk 
is  sharply  defined,  in  others  it  is  hazy  and  nebulous  at  the  edges. 
In  some  the  disk  shows  a  uniform  surface,  and  in  some  it  has  an 
appearance  which  Sir  J.  Herschel  describes  by  the  term  curdled. 

There  is  no  reason  to  doubt  that  the  constitution  of  these  o1)jectB 
is  the  same  as  that  of  other  nebulae,  and  that  they  are  in  fact  clusters 
of  stars  which,  by  mutual  proximity  and  vast  distance,  are  reduced 
to  the  form  of  planetary  disks. 

These  objects,  which  are  not  numerous,  present  some  remarkable 
peculiarities  of  appearance  and  colour.  It  has  been  already  observed 
that,  although  the  companion  of  a  red  individual  of  a  double  star 
appears  blue  or  green,  it  is  not  certain  that  this  is  its  real  colour, 
the  optical  effect  of  the  strong  red  of  its  near  neighbour  being  such 
as  would  render  a  white  star  apparently  blue  or  green,  and  no  ex- 
ample of  any  single  blue  or  green  star  has  ever  been  witnessed. 
The  planetary  nebulae,  however,  present  some  very  remarkable 
examples  of  these  colours.  Sir  J.  Herschel  indicates  a  beautiful 
instance  of  this,  in  a  planetary  nebula  situate  in  the  southern  con- 
stellation of  the  Cross.  The  apparent  diameter  is  12'^,  and  the  disk 
is  nearly  circular,  with  a  well-defined  outline,  and  a  ''fine  and  full 
blue  colour  verging  somewhat  upon  green."  Several  other  plane- 
tary nebulae  are  of  a  like  colour,  but  more  faint. 

The  magnitudes  of  these  stupendous  masses  of  stars  may  be  con- 
jectured from  their  probable  distances.  One  of  the  largest,  and 
therefore  probably  the  nearest  of  them,  is  situate  near  the  star  0 
TJrssB  majoris  (one  of  the  pointers).  Its  apparent  diameter  is  2'  40". 
Now,  if  this  were  only  at  the  distance  of  61  Cygui,  whose  parallax 
is  known  (2603)^  it  would  have  a  diameter  equal  to  seven  times  that 
of  the  extreme  limit  of  the  solar  system  ;  but  as  it  is  certain  that  its 
distance  must  be  many  times  greater,  it  may  be  conceived  its  di- 
mensions must  be  enormous. 

3385.  Annvlar  vehulse,  —  A  very  few  of  the  nebulae  have  been 
observed  to  bo  annular.  Until  lately  there  were  only  four.  The 
telescopes  of  Lord  Kosse  have,  however,  added  ^ve  to  the  number, 
hy  showing  that  certain  nebnlao  formerly  %\ippo&^^\A\)^%isssk!^'^>x^^ 

61* 


ASTRONOMY. 

0  really  atimilar.     It  is  estremoly  probable,  thai 
he  smaller  class  of  round  cebulso  will  prove  to  be  a 
litleil  to  further  examination  with  telescopes  of  ai 
efficiency. 

'Spiral  i'tlvlw-  — The  discovery  of  this  class  of 
xtraordicnry  and  unexpected  nbicli  modem  rewi 
ied  in  Btellor  aatrooomy,  is  due  to  Lord  Kni^sa. 
Tin  and  cbaraeter  may  be  conceived  bv  referring  ' 
d  in  Plate  XXII.  /js.  1  and  3,  and  Plate  XXIU 
Tiordinnry  forms  are  so  entirely  removed   from  all 
>f  the  phenomena  presented  either  in  the  iDotiom 
em,  or  the  comets,  or  those  of  any  other  objects  t 
D  has  been  direeted,  that  all  conjecture  as  to  the  i 
of  the  masses  of  etars  which  conld  assume  sud 
vain.     The  Dumber  of  instancee  as  yet  detected,  ii 
prevails,  is  not  great ;  but  it  is  sufficient  to  prove 
,on,  whatever  be  its  cause,  is  the  result  of  the  operj 
■ral  law.     It  is  pretty  certain,  that  when  the  same  j 
ts  which  have  rendered  these  forms  visible  in  objecl 
dy  been  so  long  under  the  scrutiny  of  the  raost  i 
of  the  last  hundred  yrai-s,  including  Sir  W.  and 
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eDoes  of  form  and  stmctnre,  which  the  same  ohject  presents  when 
viewed  with  telescopes  of  different  powers.  The  drawings  of  the 
same  nehalas,  which  have  appeared  in  the  Philosophical  Transac- 
tions hy  Sir  J.  Herschel  and  the  Earl  of  Bosse^  supply  nnmerons 
and  instructiye  examples  of  this. 

Plate  XX.  fig.t,  r  a  Id''  29"  9".  h  P d  33°  27'.  Diameter,  9*  r  a.— Drawn 
bj  Sir  J.  Herschel,  who  describes  ii  as  a  faint  large  Toand  nebnla,  whieh,  by 
attentiTe  examination,  may  be  seen  to  be  composed  of  excessively  minnte  stars, 
appearing  like  points  rubbed  out.     It  is,  in  fact,  a  globular  cluster. 

Plate  XXL  ^.  2.  k  a  21"  24-  40«.  H  p  D  91°  34'.  Diameter,  fr  a  a.— Drawn 
by  Sir  J.  Herschel,  who  describes  it  as  a  most  superb  duster  of  stars  of  the  15th 
magnitude,  compressed  towards  the  centre  to  a  perfect  blase.  It  resembles  a 
mass  of  fine  luminous  sand.  It  is  resolvable  with  a  six-inoh  ^;>ertnre.  The  stars 
just  visible  with  a  nine-inch  aperture  (reflector). 

Plate  XXL  fig.  1.  —  The  same  object  as  shown  by  the  larger  telesoope  of  the 
Earl  of  Rosse.  Lord  Rosse  thinks  that  no  increased  power  is  likely  to  alter  ma- 
terially its  appearance.  It  would  merely  render  the  component  stars  brighter 
and  less  closely  crowded. 

Plate  XXI.  fig.  A.  R  a  6*  24-  16-.  h  p  d  68°  7',  Length  4',  breadth  8', 
oval  form. — A  fine  object     (Sir  J.  Herschel.) 

Plate  XXI.  fig.  3. — The  same  object  as  shown  by  Lord  Rosse's  telescope.    A 
eonsiderable  change  of  appearance  is  here  produced  by  increased  power,  the  oval    • 
resolvable  nebula  being  changed  into  what  the  drawing  represents.     It  is  studded 
with  stars  mixed  with  a  nebulosity,  which  a  still  higher  power  would  evidently 
resolve  into  stars. 

Plate  XXIL  fig.  2.  R  a  13*  32«  39-.  kp  D  41°  66'. —  This  is,  in  many  re- 
ipects,  one  of  the  most  remarkable  and  interesting  of  its  olass,  and  has  been 
submitted  to  elaborate  examination  by  all  the  eminent  observers.  The  distance 
of  the  centre  of  the  small  nebula  from  that  of  the  large  one,  is  given  by  Messier, 
as  4'  35",  which  may  serve  as  a  modultu  for  its  other  dimensions.  It  was  de- 
scribed by  Sir  W.  Herschel  as  a  bright  round  nebula,  surrounded  by  a  halo  or 
glory,  and  attended  by  a  companion.  Sir  J.  Herschel  observed  this  object,  and 
represented  it  as  in  the  figure.  He  noticed  the  partial  division  of  the  ring  as  if 
it  were  split,  as  its  most  remarkable  and  interesting  feature,  and  inferred  that, 
supposing  it  to  consist  of  stars,  the  appenrance  it  would  present  to  an  observer, 
placed  on  a  planet  attached  to  one  of  them  eccentrically  situate  towards  the 
north  preceding  quarter  of  the  centnU  mass,  would  be  exactly  similar  to  that  of 
the  milky  way  as  seen  from  the  earth,  traversing  in  a  manner  precisely  similar 
the  firmament  of  large  stars,  into  which  the  central  cluster  would  be  seen  pro- 
jected, and,  owing  to  its  greater  distance,  appearing  like  it  to  consist  of  stars 
much  smaller  than  those  in  other  parts  of  the  heavens.  **  Can  it  be,"  asks  Sir 
J.  Herschel,  "  that  we  have  here  a  brother  system,  bearing  a  -real  physical 
resemblance  and  strong  analogy  of  structure  to  our  own  V*  Sir  J.  Herschel 
further  argues,  that  all  idea  of  symmetry  caused  by  rotation  most  be  relin- 
quished, considering  that  the  elliptical  form  of  the  inner  subdivided  portion 
indicates  with  extreme  probability,  an  elevation  of  that  part  above  the  plane 
of  the  rest;  so  that  the  real  form  must  be  that  of  a  ring  split  through  half 
its  circumference,  and  having  the  split  portions  set  asunder  at  an  angle 
of  45°. 

Plato  XXIL  fig.  1.  —  The  same  object  as  shown  by  Lord  Rosse's  telescope. 
This  shows,  in  a  striking  manner,  how  entirely  the  appearances  of  these  objects 
are  liable  to  be  varied  by  the  increased  magnifying  power  and  greater  efficiency 
of  the  telescope  through  which  they  are  viewed.  It  is  evident  that  very  little 
resemblance  or  analogy  is  discoverable  between  fig,  2  and  fig,  I.  Lord  Rosse, 
however,  says  that  if  Sir  John  Herschel's  be  placed  as  it  would  be  seen  with  a 
Newtonian  telescope,  the  bright  convolutions  of  the  spiral  shown  in  his  own 
would  be  recognised  in  the  appearance  which  Sir  J.  Herschel  supposed  to  be 
that  whloh  would  he  produced  by  a  split  or  dvvidod  i\t\\^.    \it>T\^<Ma%  ^^t^vt 
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tail«  and  carved  filaments  issued.  The  existence  of  an  annolns  surrounding  the 
two  nebuire  was  suspected. 

Plate  XXIir.  fg.  U.  b^  11^  10-  2-.  ii  pd  1b°  69'.  Length  4'.— Described 
bj  Sir  John  Herschel,  as  large,  elliptical  in  fornii  with  a  round  nucleus,  and 
growing  gradually  brighter  towards  the  middle. 

Plate  XXriL  Jig,  3.  —  The  same  object  as  shown  by  Lord  Rosse's  telescope, 
Slst  March,  1848.  Described  as  a  curious  nebula,  nucleus  resolvable,  having  a 
spiral  or  annular  arrangement  about  it.  It  was  also  observed  with  the  same 
results  on  the  1st  and  3d  April. 

PUte  XXIIL  fg.  5. .  r  a  15*  1-  47-.  if  p  d  33°  35'.  Length  60",  breadth 
20".  —  This  nebula  was  not  figured  by  Sir  John  Herschel,  but  is  described  by 
him  as  an  object  very  bright,  and  growing  much  brighter  towards  the  middle. 
The  drawing  Jig.  5,  represents  the  object  as  seen  in  Lord  Rosse's  telescope,  in 
April,  1848.  It  is  described  by  Lord  Rosse  as  a  very  bright  resolvable  nebula, 
but  that  none  of  the  component  stars  eould  be  distinctly  seen  even  with  a  mag- 
nifying power  of  1000.  A  perfectly  straight  longitudineJ  division  appears  in  the 
direction  of  the  major  axis  of  the  ellipse.  Resolvability  was  strongly  indicated 
towards  the  nucleus.  According  to  Lord  Rosse,  the  proportion  of  the  major 
axis  to  the  minor  axis  was  8  to  1 ;  much  greater  than  Uie  estimate  of  Sir  John 
Herschel. 

Plate  XXIIL  Jig,  10.  r  a  12'»  33-  54'.  h  p  d  56°  30'.— Described  by  Sir  John 
Herschel  as  a  nebula  of  enormous  length,  extending  across  an  entire  field  of  15', 
the  nucleus  not  being  well  defined.  It  was  preceded  by  a  star  of  the  tenth  mag- 
nitude, and  that  again  by  a  small  faint  round  nebula,  the  whole  forming  a  fine 
and  very  curious  combination. 

Plate  XXIII.  Jig,  4. — The  same  object  as  shown  by  Lord  Rosse's  telescope  on 
Idth  April,  1849.  The  drawing  is  stated  to  be  executed  with  g^eat  care,  and  to 
be  very  accurate.  A  most  extraordinary  object,  masses  of  light  appearing 
through  it  in  knots. 

Plate  XXII.  Jig,  10.  r  A  6"  29-  bZ\  npd  81°  7'«  — Described  by  Sir  John 
Herschel  as  a  star  of  the  12th  magnitude,  with  a  bright  cometio  branch  issuing 
from  it,  60"  in  length,  forming  an-  angle  of  60°  with  the  meridian,  passing  through 
it.  The  star  is  described  as  ill  defined,  the  apex  of  the  nebula  coming  exactly 
np  to  it,  but  not  passing  it. 

Plate  XXll,Jig,  9.  —  The  same  object  as  seen  with  Lord  Rosse's  telescope  on 
16th  January,  1850.  Lord  Rosse  observed  that  the  two  comparatively  dark 
spaces,  one  near  the  apex  and  the  other  near  the  base  of  the  cone,  are  very 

Plate  XXIL  fig.  12.  r  A  11"  4-  49-.  h  p  n  34°  3'.  Diameter  19"  Ume.  —  De- 
scribed by  Sir  John  Herschel  as  a  large  uniform  nebulous  disk,  very  bright  and 
perfectly  round,  but  sharply  defined,  and  yet  very  suddenly  &ding  away  into 
darkness.     A  most  extraordinary  object 

Plate  XXIL/f/.  11.  —  The  same  object  as  shown  by  Lord  Rosse's  telescope. 
Two  stars  considerably  apart,  seen  in  the  central  part  of  the  nebula.  A  dark 
penumbra  aroudd  each  spiral  arrangement  with  stars  as  apparent  centres  of  at- 
traction. Stars  sparkling  in  it  and  in  the  nebula  resolvable.  Lord  Rosse  saw 
two  large  and  very  dark  spots  in  the  middle,  and  remarked  that  all  around  ite 
edge  the  sky  appeared  darker  than  usual. 

Plate  XXIIL /i7.  11.  ba7*34«2-.  kpd104°20' 25".  Diameter  3-75"  time. 
—  Described  by  Sir  John  Herschel  as  a  planetar^jr  nebula,  of  a  faint  equal  light, 
and  exactly  round,  having  a  very  minute  star  a  little  north  of  the  centre.  Very 
velvety  at  the  edges.  In  the  telescope  of  Lord  Rosse,  howeter,  it  appears  as  an 
annular  nebula  as  represented  in  the  figure,  with  two  stars  within  it. 

Plate  XXIIL /<7.  7.  ra23M7-42«.  h  p  d  48°  24' 24".  Diameter  12".— Fig- 
ured by  Sir  John  Herschel,  who  describes  it  as  a  fine  planetary  nebula.  With  a 
power  of  240  it  was  beautifully  defined,  light,  rather  mottled,  and  the  edges  the 
least  in  the  world  unshaped.  It  is  not  nebulous,  but  looks  as  if  it  had  a  double 
outline,  or  like  a  star  a  little  out  of  focus.    It  is  perfectly  circular. 

Plate  XXIII./^.  6.  —  The  same  object  as  shown  in  Lord  Rosse's  telescope, 
16th-19th  December,  1848.   A  center  dark  spot  surrounded  by  a  bright  annulus. 

Plate  XXIIL  Jfy.  9.    BA2a»64"5«.   ]H^ik\^WKV\  \lf\aasA\Kt  \^'' \fs  XiL^ 
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Mencbel,  but  2a"  by  17"  eceonting  to  Strore,  arba  gireiitaiHn 
-Thia  Beure  i>  that  given  by  Sir  John  Hersohel,  ■ho  d«erib«  i>  ■ 
ary  Debula  nilb  eqaabla  ligbt  and  blueiab  nbite  eoloar. 
IlLjJs.  g.  — The  aame  objaet  a>  afau<m  by  Lord  BoMe>  loleMart. 

oftbefiug. 

III. /n.  13.    Ril'lO-B-.    BPuflS-^S'.  — DMeribertby  Sif  J<*. 
a  .t=r  exnetly  in  the  oeDln  of  a  bright  eireolai  atmoaphere  Ii"  to 
e  tiar  being  qnite  stellar,  and  not  a  toere  niK^leua,  and  i>  a  ■»«»  »- 

"l.Jis.  la—Tlie  Mime  objeet  u  thD«i  by  Lnrd  flflase'a  tt]«tt^ 
nory,  1S49  ;  de.nibed  by  bUn  aa  a  noat  atlonithiog  object.    It  •« 
Juiairy,  1850,  vitb  porren  of  TOD  and  POO,  nhen  bulh  the  daik 
ingB  aeemed  nnoqunl  in  breudth. 

ni.^a.lS.    Bifi'27-7'.    BPriSa-riS".  — The  atariOriooi.l». 
f«ble  nebula  3' in  diameter.    (Sir  J.HeraoheL)    Tbe  draning  sben 
nilh  lioril  Roaae'i  leleteare. 

fy.3.    nilB'J2-lI*.    Bprar"!*'— DraimbySirJohn  Haraebd. 
ea  it  a)  n  nebula  ahnped  like  a  dumb-bell,  doubla-faeatlrJ  .hot,  *r 
ibo  eliiplie  Dutlioe  being  Eomplelcd  by  n  more  feeble  oeboloua  lirtL 
tymmetrj  tbtoogb  the  cenlreB  of  the  two  ebieC  mauei  inelinel  at 
meridian.     Diameter  at  ellipse  llgbt  froai  T'  ta  S'.     Kot  reeatrablv 
Ma  nre  risible  on  it  of  the  13th.  IStb.  and  140.  magDlUKle.    Tb. 

naiden  that  Ibo  must  remarkable  rireiimstnnces  allending  It  ii  tbe 
Fiiyxhich  Gila  np  the  laltrsl  eonearitiei  of  lU  forii>,Bnd  in  fact  eon - 
nto  prombemnct!,  bo  na  to  render  tbe  Hhole  oolline  a  regular  elliiue. 
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wovid  be  u  perfect  u,  and  nearly  identical  with,  that  obtained  with  the  greater 
telescope,  Plate  XX.  jig,  1.,  a  lower  power  being  used. 

It  will  be  observed  that  tiie  genenU  outline  of  this  remarkable  object  which  is 
flo  geometrically  exact  as  seen  with  the  inferior  power  used  br  Sir  John  Herschel, 
is  UAally  effaced  by  the  application  of  the  higher  powers  used  by  Lord  Rosse, 
and  consequently  Sir  John  Herschers  theoretical  speculations  based  upon  this 
MMtlcular  form,  must  be  regarded  as  losing  much  of  t^eir  force,  if  not  wholly 
UBadmissible ;  ited  this  is  an  example  proving  how  unsafe  it  is  to  draw  any  the- 
oretieal  inferences  from  apparent  peculiarities  of  form  or  structure  in  these 
objects,  which  may  be  only  the  effect  of  the  impcif feet  impressions  we  receive  of 
them,  and  which,  consequently,  disappear  when  higher  telescopic  powers  are 
applied.  The  case  of  the  nebula  represented  in  Plate  XXIL  jig9»  L  and  2.  pre- 
sents another  striking  example  of  the  force  of  these  observations. 

Plate  XX.  jig,  4.  r  a  8"  -t?"  13-.  w  p  d  57°  11'.  —  This  object,  drawn  by  Sir  J. 
Hersehel,  is  the  annular  nebula  between  ^  and  y  Lyne.  lie  estimates  its  diam- 
eter at  6*5''  R  A.  The  annulus  is  oval,  its  longer  axis  being  inclined  at  57®  to  the 
meridian.  The  central  vacuity  is  noi  blaci;  but  filled  with  a  nebulous  light> 
The  edges  are  not  sharply  cut  off,  but  ill  defined;  they  exhibit  a  curdled  and 
confused  appearance,  like  that  of  stars  out  of  focus.  He  considers  it  not  well 
represented  in  the  drawing. 

Plate  XX.  jig,  2.  —  The  same  object  as  shown  in  the  telescope  of  Lord  Rosse. 
This  drawing  was  made  with  the  smaller  telescope,  three  feet  aperture,  before  the 
great  telescope  had  been  erected.  The  nebula  was  observed  seven  times  in  1848, 
and  once  in  1849.  With  the  large  telescope,  the  central  opening  showed  con- 
siderably more  nebulosity  than  it  appeared  to  have  with  the  smnller  instrument 
It  was  also  noticed,  that  several  small  stars  were  seen  around  it  with  the  large 
instrument,  which  did  not  appear  with  the  smaller  one,  from  which  it  was  inferred 
that  the  stars  seen  in  the  dark  opening  of  the  ring  may  possibly  be  merely  acci- 
dental, and  have  no  physical  relation  to  the  nebula.  In  the  annulus  near  the 
extremity  of  t^e  minor  axis,  several  minute  stars  were  visible. 

Plate  XX.  jig.  5.  R  A  13"  28™  53".  h  p  d  1 07®  0'  50".  Diameter  of  faint  nebula, 
2',  Diameter  of  bright  part,  10"  or  15".  —  Described  as  a  faint  large  nebula 
losing  itself  quite  imperceptibly;  a  good  type  of  its  class.     (Hersehel.) 

Plate  XX.  jig,  7.  R  A  17"  44«  42'.  n  p  d  66°  52'  41".  PercepUble  disk  1",  or 
1'6"  diameter.  Surrounded  by  a  very  faint  nebula. — A  curious  object.  (Her- 
sehel.) 

Plate  XX,  jig,  8.  r  a  IQ"  40'"  19«.  n  p  d  39°  54'.— A  most  curious  object  A 
star  of  the  11th  magnitude,  surrounded  by  a  very  bright  and  perfectly  round 
planetary  nebula  of  uniform  light  Diameter  in  r  »  3*5",  perhaps  a  very  little 
hasy  at  the  edges.     (Hersehel.) 

Plate  XX.  J^.9,  r  a  10"  28™  7".  h  p  d  35°  36'  32".— A  bright  round  nebula, 
forming  almost  a  disk  15"  diameter,  surrounded  by  a  very  feeble  atmosphere. 
(HerscheL) 

3389.  Large  and  irregular  nebulas.  —  All, the  nebulas  described 
ftbove,  are  objects  generally  of  regular  form  and  subtending  small 
visual  angles.  There  are  others,  however,  of  a  very  different  cha- 
racter, which  cannot  be  passed  without  some  notice.  These  objects 
cover  spaces  on  the  firmament,  many  nearly  as  extensive  as,  and 
some  much  more  extensive  than,  the  moon's  disk.  Some  of  them 
have  been  resolved.  Of  those  which  are  larger  and  more  diffused, 
some  exhibit  irregularly  shaped  patches  of  nebulous  light,  affecting 
forms  resembling  those  of  clouds,  in  which' tracts  are  seen  in  every 
stage  of  resolution,  from  nebulosity  irresolvable  by  the  largest  and 
most  powerful  telescopes,  to  stars  perfectly  separated  like  parts  of 
the  milky  way,  and  ''clustering  groups  sufficiently  insulated  and 
condensed  to  come  under  the  designation  of  ui^ignXcct  ^JiA^Vci  ^^\&^ 
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ty  rich  claslere.    But,  besides  these,  there  are  also  nebala 
nee,  both  regular  aud  irregular;  globular  clusters  in  etetj 

ihich  b&TC  □□  analog;  id  any  other  part  of  the  heavens."* 
Rich  c/ii>fer  IK  the  Ventaur. — The  star  u  Centauri  present* 
le  mofit  striking  eiamples  of  the  class  of  large  diSiued 
It  ia  nearly  rouod,  and  has  an  apparent  diameter  etjwi 
rd$  of   that  of 'iLe  moon.     This  remarkable  object  mi 
n  Mr.  Dunlop's  catalogue  (Phil.  Trans.  ISli-S);  but  it  b 
ub.'icrvations  of  Sir  John  Herschel,  at  tha  Cape,  that  lb« 
a  of  its  eplendid  character  is  derived.     That  sstronomex 
:s  it,  beyond  oil  comparison,  the  richest  and  largest  object 
id  in  the  heavens.     The  slurs  composing  it  are  lilcnll; 
jle;    aod  as  their  collective  light  affects  the  eyo  hanllj 
1  that  of  a  star  of  Ihe  fifth  wiagoitude,  the   miDuteness  of 
luiu   may  be  imagined.     The  apparent  magnitude  of  thij 
such  that,  when  it  vns  concentric  nitb  the  tield  of  Sir  J. 
s  '20  ft.  telescope,  the  etraggliug  stars  at  the  edges  vera 
le  limit  of  the  field.      In  Blatiug  that  the  diameter  is  two- 
thc  moon's  disk,  it  must  bo  understood  lo  apply  to  the 
]f  the  coodeosed  cluster,  aud  not  to  include  the  straggling 
le  fcd^ys.     When  the  ccutrc  of  the  cluster  was  brougfat  to 
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rence  to  Sir  J.  Ilerschcrs  "Cape  Observations,"  accompanieJ  by 
the  interesting  details  of  his  observations  upon  it. 

Sir  J.  Hei;schel  describes  the  brightest  portion  of  this  nebula  as 
resembling  the  head  and  yawning  jaws  of  some  monstrous  animal, 
with  a  sort  of  proboscis  running  oat  from  the  snout.  The  stars 
scattered  over  it  probably  have  no  connection  with  it,  and  are  doubt- 
less  placed  much  nearer  to  our  system  than  the  nebula,  being 
visually  projected  upon  it.  Parts  of  this  nebula,  when  submitted 
to  the  powers  of  Lord  Rossc's  telescopes,  show  evident  indications 
of  resolvability. 

8392.  The  great  nehula  in  Argo. — This  is  an  object  of  the  same 
class,  and  presenting  like  appearances;  it  is  diffused  around  the 
star  fi  in  the  constellation  here  named,  and  formed  a  special  subject 
of  observations  by  Sir  J.  Herschel,  during  his  residence  at  the 
Cape.  An  engraving  of  it  on  a  large  scale,  giving  all  its  details, 
may  be  seen  in  the  *'  Cape  Observations."  The  position  of  the 
centre  of  the  nebula  is,  R  A  10°  38'  38",  N  p  D  148°  47'. 

This  object  consists  of  diffused  irregular  nebulous  patches, 
extending  over  a  surface  measuring  nearly  T  ftime)  in  right  ascen- 
sion, and  68'  in  declination  ]  the  entire  area,  tnerefore,  being  equal 
to  a  square  space,  whose  side  would  measure  one  degree.  It 
occupies,  therefore,  a  space  on  the  heavens  about  five  times  greater 
than  the  disk  of  the  moon. 

A  part  of  the  nebula  immediately  surrounding  the  central  star  is 
represented  in  Plate  XXV.  The  space  here  represented  measures 
about  one-fourth  of  the  entire  extent  of  the  nebula,  in  declination, 
and  dne-third  in  right  ascension,  and  about  a  twelfth  of  its  entire 
magnitude. 

No  part  of  this  remarkable  object  has  shown  the  least  tendency 
to  resolvability.  It  is  entirely  compressed  within  the  limits  of  that 
part  of  the  milky  way  which  traverses  the  southern  firmament,  the 
stars  of  which  are  seen  projected  upon  it  in  thousands.  Sir  J. 
Herschel  has  actually  counted  1200  of  these  stars  projected  upon  a 
part  of  this  nebula,  measuring  no  more  than  28'  in  declination,  and 
82'  in  right  ascension,  and  he  thinks  that  it  is  impossible  to  avoid 
the  conclusion,  that  in  looking  at  it  we  see  through  and  beyond  the 
milky  way,  far  out  into  space  through  a  starless  region,  disconnect- 
ing it  altogether  with  our  system. 

3393.  Magellanic  clouds.  —  These  are  two  extensive  nebulous 
patches  also  seen  on  the  southern  'firmament,  the  greater  called  the 
nubecula  major,  being  included  between  R  A  4''  40",  and  6'  0"  and 
N  p  D  15G°  and  1G2^,  occupying  a  superficial  area  of  42  square 
degrees ;  and  the  other  called  the  nubecula  minor,  being  included 
between  R  A  O*"  21""  and  1**  15""  and  between  n  pd  162°  and  165*, 
Covering  about  10  square  degrees. 

These  nebulae  consist  of  patches  of  every  character,  Eouie  vtt^- 
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Ill  nlh"r?  resnlvaWe  in  all  degrees,  and  mixed  wilb  flus- 
ne,  having  oil   Ibe  cbuDCters    alrcadif  exploited  in  ii<e 
e  Urge  diffur^ed  nebulce  dascribed  above.     So  greatii  ili^> 
distinct  ncbulie  and  clusters  crowded  together  in  Ibea 
be  firmnint'Tit,  that  278,  besidea  60  or  60  oalllelt  ha>i! 
erated  bjSif  J,  Herechel,  witliiQ  the  area  of  the  aoliecDU 

UHAP.  XXX. 

>D,  the  form,  and  appSicution  of  the  most  neceuajy,  toa (ru- 
in observatory,  is  given,  such  aa  was  deemed  BnlEdMit  lo 
Eligible  the  succccdiog  parts  of  the  work.      Tfao  inslru- 
ecled   for  ihat   purpose   were   thoiC   which  seemed    k-.^i 
illuHlrulc  the  llieoretitiil  pntidples  afterwards  derelopoil, 
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greatest  practicable  magnifjiDg  and  illumioating  powers,  and  so 
mounted  as  to  enable  the  observer  with  all  the  requisite  facility  to 
present  them  to  those  parts  of  the  heavens  in  which  the  objects  of 
his.observation  arc  placed. 

To  attain  the  latter,  it  is  necessary  to  provide  an  apparatus  by 
which  the  direction  of  the  visual  line  of  the  object  of  observation 
relatively  to  some  fixed  line  and  some  fixed  plane  can  be  ascertained. 
The  visual  line  being  the  straight  line  drawn  from  the  eye  of  the 
observer  to  the  object,  at  the  moment  of  the  observation,  and  having, 
therefore,  no  material  tangible  or  permanent  existence,  by  which  it 
can  be  submitted  to  measurement,  it  is  necessary  to  contrive  some 
material  line  with  which  the  visual  line  shall  coincide.  The  tele- 
pcope  supplies  an  easy  and  exact  means  of  accomplbhing  this. 
When  it  is  directed  so  thiat  the  object  or  its  centre,  if  it  have  a  disk, 
is  seen  upon  the  intersection  of  the  middle  wires  in  the  eye-piece, 
the  visual  direction  of  the  object  is  the  line  drawn  from  the  centre 
of  the  object-glass  of  the  teleosope  to  the  intersection  of  the  middle 
wires. 

Now  the  telescope  being  attached  to  a  graduated  circle  is  so 
placed,  that  the  line  joining  the  centre  of  the  object-glass  with  the 
intersection  of  the  wires  is  parallel  to  a  diameter  of  the  circle.  This 
diameter  will,  therefore,  be  the  direction  of  the  visual  line.  If  the 
circle  thus  arranged  be  so  mounted  that  a  line  drawn  from  the 
observer  to  the  fixed  point  of  reference,  whatever  that  point  be, 
shall  be  parallel  also  to  a  diameter  of  the  circle,  and  if  the  circle  be 
so  mounted  that,  however  its  position  may  otherwise  be  changed, 
one  of  its  diameters  shall  always  pass  through  the  fixed  point  of 
reference,  the  angular  distance  of  the  object  of  observation  from  the 
fixed  point  of  reference  will  always  be  equal  to  the  angle  formed  by 
the  two  diameters  of  the  circle,  one  of  which  is  parallel  to  the  line 
joining  the  centre  of  the  object-glass,  with  the  intersection  of  the 
wires  at  the  moment  of  the  observation,  and  the  other  parallel  to 
the  line  drawn  from  the  observer  to  the  fixed  point  of  reference. 

But  this  b  not  yet  enough  to  determine  in  a  definite  manner  the 
position  of  the  object  on  the  heavens.  A  great  many  different  ob- 
jects may  have  the  same  angular  distance  from  the  fixed  point  of 
reference.  If  a  plane  be  imagined  to  pass  at  right  angles  to  a  line 
drawn  from  the  observer  to  the  fixed  point  of  reference,  it  will  inter- 
sect the  celestial  sphere  in  a  certain  circle,  every  point  of  which  will 
obviously  be  at  the  same  angular  distance  from  the  ^ point  of  refe- 
rence. To  render  the  position  of  the  object  of  observation  determi- 
nate, it  is  therefore  necessary  to  know  the  position  of  the  plane  of 
the  graduated  circle,  with  relation  to  a  circle  whose  plane  is  at  right 
angles  to  that  diameter  of  the  celestial  sphere  which  passes  through 
the  fixed  point  of  reference. 

The  plane  of  the  graduated  circle  may  be  fixed  or  mo^e^bU.    1£ 
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pofilinn  with  relalioo  lo  the  Gsed  point  of  rer^reaN  \i 
d  ODce  for  all ;  after  which,  t!ie  position  of  the  object  of 
ID  nill  be  determined  men'ly  bj  iu  angahr  diElance  fran 
of  reference.      If  mnveable,  it   is   necessary  to   providi 
rnduated  circle,  the  pla.D8  of  which  is  perpendicular  to  tba 
upon  which  some  fixed  direction  ia  marked.     The  poaition 
une  of  the  moveable  circle,  which  carries  the  telescope, 
ion  to  lliid  luLtcr  fixed  direction,  is  then  aucerlained  bj  tha 
(  second  graduated  circle,  which  is  iticluded  between  the 
uircle  and  such  fixed  direction. 

1.  the  celestial  sphere  are  constructed  and  mounted  on  one 
of  these  principles;  and  they  diCer  one  from  another  in 
i  the  point  adopted  aa  the  fiied  point  of  reference,  and  thfl 
ight  angles  to  the  diameter  of  the  sphere  passing  ihroagh 
:  with  relation  to  which  the  position  of  the  circle,  if  it  be 
,  is  determined. 

id  point  of  reference  is,  in  all  cases,  cither  tbe  icniih  or 
and  the  plane  of  reference,  conSL^queutly,  eilLur  that  of 
in  or  the  equator. 
lh^lan^i^h^raduate|^ircl^t|rTv^ 

t9 
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TH£  LESSEK  ROSSE  TELESCOra. 


':.-J!S^.  IbtxdlemgthZIf.    AyatMnZf. 
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lies  made  with  it  bj  its  illastrious  iDventor  and  constructor,  is  re- 
presented in  Plate  XXYII.  It  will  be  seen  in  the  drawing  that 
the  instrument  is  mounted  on  a  platform  which  revolves  in  azimuth 
on  a  series  of  rollers.  The  telescope  is  placed  between  four  ladders, 
which  serve  the  double  purpose  of  a  framework  for  its  support  and 
a  convenient  means  of  approaching  the  superior  end  of  the  great 
tube.  These  ladders  are  united  at  the  top  by  being  bolted  to  a 
cross  bar,  to  which  the  pulleys  are  attached.  Bj  one  system  of 
pulleys,  the  telescope  is  raised  or  lowered ;  and  by  another  the  gal- 
lery or  balcony  in  which  the  observer  stands  is  also  raised  or  low* 
ered,  so  as  to  enable  him  to  look  into  the  tube.  These  pulleys  are 
each  worked  by  a  windlass  established  on  the  platform  below.  The 
framing  is  strengthened  by  another  system  of  diagonal  ladders,  as 
well  as  various  masts  and  braces  which  appear  in  the  figure.  The 
telescope  is  so  mounted  that  it  can  be  raised  until  its  axis  is  vertical, 
so  that  an  object  in  the  zenith  can  be  observed  with  it.  The  ob- 
server's gallery  rests  in  grooves  upon  the  ladders,  and  slides  up  and 
down  easily  and  smoothly  by  the  operation  of  the  pulley,  so  that 
when  the  telescope  tube  is  elevated,  even  to  the  zenith,  the  observer 
can  ascend  and  descend  at  pleasure  by  signals  given  to  the  man  at 
the  windlass.  A  small  staircase  is  placed  near  the  foot  of  one  of 
the  principal  ladders,  by  which  observers  can  mount  into  the  gallery 
when  it  is  let  down  to  its  lowest  point. 

The  total  length  of  the  telescope  tube  is  39  ft.  4  in.,  and  its  clear 
diameter  4  ft.  10  in.  It  is  constructed  entirely  of  iron.  The  great 
speculum  is  placed  in  the  lower  end  of  the  tube,  the  apparatus  for 
adjusting  it  being  protected  by  the  wooden  structure  which  appears 
in  the  figure.  The  diameter  of  the  speculum  is  4  ft.,  and  the  mag- 
nitude of  its  reflecting  surface  is  consequently  12-566  square  feet. 
It  contains  1050  lb  of  metal. 

The  axis  of  the  speculum,  when  placed  in  the  tube,  b  so  inclined 
to  the  tube  that  its  focus  is  at  abiout  two  inches  from  the  lower 
edge  of  the  upper  mouth  of  the  tube,  so  that  the  observer,  stand- 
ing in  the  gallery  with  his  back  to  the  object,  and  looking  over  the 
edge  of  the  tube  towards  the  speculum,  can  direct  an  eye-piece  con- 
veniently mounted  at  that  point  upon  the  image  of  the  object  of 
observation  formed  by  reflection  in  the  focus. 

Three  persons  arc  employed  in  conducting  the  observations :  the 
observer,  who  stands  in  the  gallery;  his  amanuensis,  who  may 
either  bo  in  the  gallery  or  in  the  wooden  house  below,  receiving 
the  dictation  of  the  observer  by  a  speaking  tube;  and  the  person 
who  works  the  windlass. 

3396.  The  lesser  Rosse  telescope. — This  instrument,  with  its 
mounting,  is  represented  in  Plate  XXVlII.  The  arrangements 
are  so  similar  to  those  of  the  Herschelian  instrument  described 
above^  that  thcj  wi)}  be  easily  understood  frouv  ih^  PU.^  '^kvV.W^V 
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■scription.     The  speculnm  is  3  feet  aperfare,  and 

"l  reflecting  Burfiice.     The  length  of  t!ie  telescope 

Is  erected  upon  the  pleasure -gronnds  at  Parsonslown 

its  illustrious  constructor.     The  weight  of  metal 

about  13  cwt. 

U'hf  ffreiler  Roise  tehtcnpe. — This  elupendoua  insti 

'  ivestigatioD,  by  far  the  largest  and  most  powerfi 

is  represented  in  Plates  XXIX.  and  XXX.  frora 

I  for  thia  work  under  the  superintendence  of  Lis  Ia 

I  Plato    XXIX.    preseiita  a    North,  and    Plate    X, 

p  of  the  instrument. 

r  aperture  is  6  ft,,  and  cposequently  the  magait 

ling  Burfaco  is  28-27i  s'lnare  feet,  being  greater  thi 

"b  great  telescope  in  the  ratio  of  7  to  3. 

Istrument  ts  at   present   used  as  a  Newtonian    tel 

)  say,  the  rays  proceeding  along  the  axis 

e  received  at  an  angle  of  45°  upon  a  ^econi 

I  by  which  the  focua  is  thrown  towards  the  side  of  tt 

I  eye-piece  is  directed  upon  them.     Provision  is,  he 

'  instrument  also  aa  an  Herschelian  telescope. 

supported  at  the  lower  end  upon  a  ii 

iron,  resting  on  a  pier  of  stonc-wnrk  Ini 
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also  attained,  and  with  greater  precision^  by  a  20-inch  circle  attached 
to  the  instrument. 

Two  specula  have  bren  provided  for  the  telescope,  one  of  which 
contains  3},  and  the  other  4  tons  of  metal,  the  composition  of  which 
is  126  parts  in  weight  of  copper  to  57 i  of  tin. 

The  great  tube  is  of  wood  hooped  with  iron,  and  is  7  feet  dia- 
meter, and  52  in  length.  The  side-walls,  12  feet  distant  from  the 
tube,  are  72  feet  in  length,  48  feet  in  height  on  the  outside,  and 
56  feet  in  the  inside.  These  walls  are  built  in  the  plane  of  the 
meridian. 

The  observer  stands  in  one  or  other  of  four  galleries,  the  three 
highest  of  which  are  drawn  out  from  the  western  wall,  while  the 
fourth  or  lowest  has  for  its  base  an  elevating  platform,  along  the 
surface  of  which  a  gallery  is  moved  from  wall  to  wall  by  a  mechanism 
at  the  command  of  the  observer. 

3398.  The  Oxford  hdiometcr,  —  This  class  of  instrument,  which 
derives  its  name  from  having  been  first  applied  to  the  measurement 
of  the  diameter  of  the  huu,  consists  of  a  telescope  cquatorially 
mounted,  the  object-glass  of  which  is  divided  along  a  plane  passing 
through  its  optic  axis,  each  half  of  the  lens  being  capable  of  being 
moved  in  its  own  plane,  so  that  the  axes  of  the  two  semi-lenses, 
being  always  parallel  to  each  other  and  to  the  axis  of  the  telescope, 
may  be  within  certain  limits  separated  from  each  other,  more  or  less, 
at  the  pleasure  of  the  observer. 

From  what  has  been  explained  in  general  of  the  structure  of  an 
equatorial  instrument  (^336),  and  from  the  drawing  of  this  instru- 
ment given  in  Plate  XXXI.,  the  provisions  for  the  direction  of  the 
telescope  in  right  ascension  and  declination  will  be  easily  compre- 
hended. The  polar  axis,  round  which  the  instrnment  turns  in  right 
ascension,  is  fixed  upon  the  face  of  a  block  of  Portland  stone,  and 
the  graduated  circle  measuring  right  ascension  is  sefen  at  the  top 
and  at  right  angles  to  the  polar  axis.  This  circle  receives  its  motion 
in  the  usual  way,  from  clockwork,  which  is  attached  to  the  stone 
pier,  and  which,  with  its  impelling  suspended  weight,  is  seen  in  the 
drawing.  Rods  are  provided  by  which  the  observer  can,  at  pleasure, 
set  the  clock  going,  or  stop  it,  and  connect  it  with,  or  disengage  it 
from,  the  equatorial  circle. 

The  circle  for  indicating  polar  distance  or  declination  is  placed 
upon  the  horizontal  axis  of  the  instrument,  and  also  appears  in  the 
drawing  at  the  side  opposite  to  that  at  which  the  telescope  is  attached. 

The  object-glass  of  this  instrnment,  sometimes  called  the  *^  divided 
object-glass  micrometer,'^  supplies  a  very  accurate  method  of  mea- 
suring angles  which  do  not  exceed  a  certain  limited  magnitude. 

It  appears  by  the  principles  of  optics,  that  when  the  image  of  a 
distant  object  is  produced  by  a  lens,  each  point  of  such  image  is 
formed  by  rays  which  proceed  from  every  point  of  the  lens.     If, 
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I  part  of  the  lens  be  covered  by  in  opaqne  body  or  cot 
pnint  nf  the  image  will  fitill  be  formed  by  the  rays  which 
m  every  point  of  the  lens  Kkieh  in  iiof  eottreii or  cut  avatf, 
liffercnce  which  will  be  observed  in   the  image  will  be, 
be  leea  Btrongly  illumioated,  being  deprived  of  the  rajs 
■ceiicd  from  the  part  of  tbo  lens  covered  or  cut  away,  lod 

lieb  need  not  be  noticed  here. 

ra,  therefore,  that  half  a  lens  will  prodnce  at  the  focus  sn 
i  distant  object,  and  if  two  halves  of  the  Bame  lens  be 
Lcentricilly,  they  will  form  two  icnages,  the  esaet  Euper- 

which  will,  in  fact,  oonatilnte  the  image  formed  by  the 
en?.      But  if  the  two   halves  be  cot  coDcentrical,  the  im- 
nol  be  superposed,  but  will  bo  Bcparated  by  a  Fpace  cor- 
;   with,  and    proportioBal    to,  the    distance    between    tbe 

the  two  half  lenses.     Thus,  if  ihe  lenses  bo  directed  to 
so  images  of  the  solar  disc  will  be  produced  at  the  focoi 
ios,  and  these  images  may  be  shifted  in  their  positions,  the 

1  of  the  two  half  lenses  approach  to,  or  recede  from,  each 
d   if   the   angular   distancH   iLrough   which   uitlier   image 

TUB  0XF0B1>  HKLIOMRTEB. 


TROnOBTOX-S  TRANSIT  CIRCLE. 
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the  centres  of  the  semi-lenses,  at  J  consequenilj  the  a'jgiilar  distance 
between  the  two  images,  is  measured  according  x*y  a  kn-wE.  scale  bj 
the  number  of  tarns  and  parts  of  a  mm  of  \he  screw  vbich  ar« 
necessary  to  produce  the  separadcn  or  to  bring  back  the  scmi-ienses 
to  a  concentrical  position,  if  they  are  separat^ 

It  is  obvious,  that  the  same  principle  will  be  applicable  to 
measure  the  apparent  angular  distance  between  anv  two  objects, 
such  as  two  stars,  which  are  so  near  each  other  that  ther  mav  be 
seen  together  in  the  field  of  view  of  the  telescope.  For  this  pur- 
pose, let  the  semi-lenses  be  first  placed  concentrically.  The  two 
stars  s  and  s'  will  then  be  seen  in  their  proper  positions  in  the  field. 
Let  the  semi-lenses  be  then  moved  so  that  two  images  of  each  star 
will  be  visible.  Let  the  motion  be  continued  antU  the  image  of 
the  star  s  by  one  semi-lens  coincides  with  the  image  of  the  other 
star  s'  by  the  other  semi-lens.  The  angular  distance  corresponding 
to  the  separation  of  the  lenses  will  then  be  the  angular  distance 
between  the  stars. 

In  this  heliometer  a  very  ingenious  contrivance  is  introduced  to 
enable  the  observer  to  read  the  scale  by  which  the  angular  magni- 
tude corresponding  to  the  separation  of  the  centres  of  the  semi- 
lenses  is  indicated.  This  is  accomplished  by  placing  a  scale  behind 
the  object-glass  in  the  interior  of  the  telescope  tube,  so  that  it  can 
be  read  by  means  of  a  long  microscope,  the  eye-glass  of  which  is 
placed  near  the  eye-piece  of  the  telescope.  This  interior  scale  is 
illuminated  by  a  piece  of  platinum  wire  placed  near  it,  which  is 
rendered  incandescent  by  a  ^Ivanic  current  transmitted  upon  it  at 
pleasure  by  the  observer.  This  current  is  produced  by  a  Smee*s 
battery  placed  in  a  room  below  that  containing  the  heliometer. 

A  very  splendid  instrument  of  this  class  has  been  erected  at  the 
Pultowa  observatory. 

3399.  The  transit  circle^  hy  Troughion.  —  This  instrument, 
which  is  represented  in  Plate  XXXII.,  unites  the  functions  of  the 
mural  circle  and  tte  transit  instrument.  The  telescope  is  fixed 
between  two  parallel  flat  metallic  circles  or  rings,  the  exterior  face 
of  each  of  which  is  graduated  to  5'.  These  flat  rings  are  connected 
with  the  horizontal  axis,  by  two  sets  of  radial  hollow  cones,  so  as  to 
form  two  wheels,  and  they  are  connected  with  each  other  by  various 
bars,  crossing  each  other  so-  as  to  form  rhomboidal  figures,  as  well 
as  by  a  system  of  perpendicular  rods,  which  appear  in  the  figure. 
Each  of  these  rings  is  4  feet  in  diameter.  The  horizontal  axis, 
which  receives  the  spokes  of  each  of  the  wheels,  is  cylindrical  be- 
tween the  wheels,  the  parts  projecting  beyond  them  being  strong 
cones,  which  rest  in  Ys  fixed  on  two  piers  of  solid  stone-work,  5  feet 
6  inches  in  height,  and  a  little  less  than  3  feet  apart.  The  length 
of  the  horizontal  axis  is  3  feet. 
The  faces  of  the  siouQ  piers  comcide  w\l\i  ^^  ^Wi^  ^l  Va^m^- 
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3  provided  with  ndjii?hnen(«,  one  of  which  ii 
I  raising  and  lowering  Ibo  T,  and  tho  olber  of  moviogit 
ly  tlirough  small  epnccs.  Wben  the  inatrumcDt  is  plscod 
Jupporla,  the  line  of  collimation  of  the  telescope  will  play 
I  the  meridian,  and  it  will  be  made  to  do  so  esactlj,  bj 
Mbc  adjustments,  aecordine  to  the  method  eiplained  in  [fae 
le  transit  instrument  (2396),  W  seg. 

Ldunted  fnccB  of  the  two  circles  arc  Bnrroundcd  by  four  or 
pscopos,  by  which  the  observation  is  read  off  in  the  same 
1  Bubjeot  to  the  same  conditions  aa  have  been  already 
1  the  case  of  the  mur:il  circle  {2408),  H  scg. 
As  Grefinicirh  Irnnrit  circle.  —  The  great  maral  circle 
asit  instrument  have  lately  been  superseded  at  the  Boynl 
ry,  Greenwich,  by  id  instrument  upon  the  principle  of 
Icscribed,  but  constructed  upon  a  va£t  scale  of  majinitude, 
Kned  with  a  variety  of  accossories  by  which  its  Gtability  aiid 

Y  precision  of  its  indications  are  secured, 
■peotive   view   of   this    instruraent   is   presented    in    Plate 
'e  from  original  drawings  taken  by  permission  of  the 
r  Rnyal. 

of  observation  a  mai 
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es  of  the  telescope,  when  it  was  found  that  this  quantity  did  not 
eed  the  thousandth  of  nn  inch. 

The  parallel  circles  between  which  the  telescope  is  fixed,  are  each 
eet  in  diameter,  and  are  firmly  attached  to  cylindrical  baods,  one 

each  side  of  the  central  cube  of  the  telescope.  The  clamping 
>aratus  is  applied  to  the  eastern  circle,  and  the  western  circle  is 
iduated.  The  reading>off  is  effected  by  means  of  six  microscopes^ 
d  45  inches  in  length. 

The  graduation  of  the  circle  is  such  as  to  show  approximately 
lith  distances ;  while  a  pointer  fixed  to  a  block  projecting  from 
)  lower  part  of  the  pier,  directed  to  another  graduated  band  on 
3  outer  or  eastern  side  of  the  circle,  is  used  for  setting  the  tele- 
>pe,  and  gives  approximately  north  polar  distances.  A  small 
der,  with  a  large  field  of  yiew,  is  attached  to  the  side  of  the  cone 
IT  the  eye-piece,  as  well  as  sights  for  directing  the  telescope  to 
rs  by  the  naked  eye. 

A  large  gas-light  conveniently  placed  illuminates,  by  means  of 
lectors,  the  graduated  arc  of  the  circle  at  the  points  where  the 
eral  microscopes  are  fixed,  and  also  the  field  of  the  telescope. 
A  variety  of  other  provisions  and  adjustments  are  attached  to  the 
tmment,  which  it  would  be  impossible  to  render  clearly  intelli- 
de  without  reference  to  the  instrument  itself,  or  very  detailed  and 
borate  drawings  of  its  several  parts^  which  our  limits  do  not 
'mit  us  to  introduce  here. 

3401.  The  Pultowa  prime  vertical  instrument, — This  instrument 
y  be  summarily  described  as  a  transit,  whose  line  of  coUimation 
ives  in  the  plane  of  the  prime  vertical,  instead  of  that  of  the  me- 
ian.  Nevertheless,  it«  astronomical  uses  are  ei^sentially  distinct 
m  those  of  the  transit  instrument  (2397). 

The  first  instrument  made  on  this  principle  was  erected,  in  the 
^nning  of  the  last  century,  under  the  direction  of  the  celebrated 
lemer,  whose  name  is  rendered  memorable  by  the  discovery  of  tb« 
ibility  of  light  (2959).    It  was  applied  by  that  astronomer  chiefly 

observations  on  the  i«un  near  the  equinoxes;  but  none  of  the 
rposes  to  which  it  has  more  recently  subserved  appear  to  have 
3n  contemplated,  and  the  instrument  was  allowed  to  fall  into 
use.  Its  revival,  and  the  idea  of  it>8  application  to  various  im- 
rtant  classes  of  observations  in  the  higher  departments  of  practical 
ronomy,  and  more  especially  to  replace  the  zenith  sector  in  obser- 
tions  having  for  their  object  the  more  exact  determination  of 
srration  and  nutation,  and  for  researches  in  stellar  parallax,  is  due 
Professor  Bessel.  Many  of  the  improved  details  of  construction" 
bibited  in  the  Pultowa  instrument  are,  however,  due  to  Professor 
rave,  who,  besides,  has  obtained  such  remarkable  results  by  the 
item  of  observations  which  he  has  made  with  it. 
Vbe  Pallowa  prime  vertical  instrument  "wa^  ^Qii%\XMcXfe\^>^\iW. 


A8TR0S0MT.  1 

a  of  Professor  Slruvc,  by  Meesrs.  R^psoIJ,  of  Ilanitiorj,  J 
■  piers  being  erected  in  planes  at  right  angles  lo  tbt  1 
vertlcul    ebairs   arc  fixed  upon  tbe    summils  in  sach  t    I 

liat  tlie  lioe  joining  ikpm  is  in  tha  plane  of  tbc  mnidbiL    ' 
'rs  arc  the  supports  of  the  cylindrical  eilrcmitiea  of  A-     | 
axis  of  the  inslruraent,  vhieh  is,  therefore,  als^i  io  lie 
c  meridian.     The  extxemicies  of  this  axis  project  b«]'(«<] 
lud  the  piers  on  eacli  side,  and  tbc  transit  l«lescup«  i* 
)  one  of  ihem,  while  a  counter-weight  is  kcjed  on  tii  iIk 

Ihc  telescope,  having  its  line  of  cullimnlinn  adjusted  n 
9  to  the  horixont&l  axis,  revolves  with  this  axis  outside 
in   the  enme    manner  exactly  as  the   transit  t«Ie«ci>|)c 

■ictwuen  its  piers;  and  as  the  line  of  collimation  of  the 
the  pluoe  of  the  meridian,  that  of  the  transit  tek- 

Khe  present  instrument  moves  in  the  piano  of  the  prinie 


■inonts  aro  provided  in  connexion  wifh  the  two  chaifSjOMj 

lud  lowers  the  axis,  and  tie  other  moves  it  in  ui- 

iBCtly  to  (hose  described  in  the  ca.ae  of  the  transit 

t  (2399),  et  tfq.     By  these  mesne,  and  by  proper  levels, 

rendered  truly  horizontal,  is  brongbt  oxaclly  into  tbe 

;  meridian,  and  the  line  of  collimation  is  brought  Ui 

vith  the  plane  of  the  prime  vertical  by  other  expedients, 

ciplo  to  those  adopted  in    the  esse  of  the  traasil 


;nt,  mounted  c 


the 
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RXMAREABLB  ASTRONOMICAL  IKSTRUMSKTS.  745 

be  rimilarlj  directed.     This  finder  appears  in  the  drawing  outside 
the  telescope,  and  a  counterpoise  to  it  is  represented  on  the  inside. 

The  process  of  reversion  of  the  horizontal  axis,  which  in  tho 
transit  instrument  is  only  used  for  the  purpose  of  adjustment  (2400), 
constitutes,  in  the  case  of  the  prime  vertical  instrument,  an  essential 
part  of  every  observation.  It  was,  therefore,  of  the  greatest 
importance  that  an  easy,  expeditious,  and  safe  apparatus  for  rover- 
Bion  should  be  provided.  This  was  contrived  with  great  ingenuity 
by  the  makers,  and  attended  with  the  most  successful  results — results 
to  which  M.  Struve  ascribes  a  great  share  of  the  advantai^e  obtaiucd 
by  this  instniment.  A  part  of  this  apparatus,  by  which  the  hori- 
xoDtal  axis,  with  the  telescope,  counterpoise,  and  their  accessories, 
is  elevated  from  the  chairs,  is  represented  in  the  drawing  above  the 
instrument.  The  two  cords  of  suspension  being  attached  by  hooks 
to  two  points  on  the  axis  at  equal  distances  from  its  centre,  so  as  to 
maintain  the  equilibrium,  the  instrument  is  elevated  by  means  of  a 
windlass  established  on  the  floor  below  it  and  between  the  piers. 
When  raised  to  the  necessary  height,  it  is  turned  through  half  a 
revolution  in  azimuth,  so  that  the  ends  of  the  axis  are  brought 
directly  over  the  chairs,  into  which  they  are  then  let  down.  So 
perfect  is  the  performance  of  this  apparatus,  that  notwithstanding 
the  magnitude  and  weight  of  the  instrument,  tho  whole  process  of 
reversion  is  completed  in  sixteen  seconds;  and  the  interval,  from 
the  moment  the  observer  completes  an  observation  with  the  tele- 
scope on  the  north  side,  to  the  moment  he  commences  it  on  the 
south  side,  including  the  time  of  rising  from  the  observiog-couch, 
disengaging  the  clamps,  withdrawing  the  key  from  the  micrometer, 
reversing,  directing  the  instrument  on  the  south  side  to  the  object 
by  means  of  the  finder,  closing  the  clamps,  returning  the  key  to  the 
micrometer,  and  placing  himself  on  the  observiog-couch,  is  only  80 
seconds. 

How  essential  to  the  practical  use  of  the  instrument  this  celerity 
is,  will  be  understood  when  it  is  stated,  that  the  same  object  which 
has  been  observed  on  one  side  must  be  also  observed  on  the  other 
in  the  same  transit.  The  reversion,  therefore,  must  be  completed 
in  less  time  than  that  which  the  object  takes  by^the  diurnal  motion 
to  pass  over  the  space  commanded  by  the  field  of  the  telescope  in 
the  two  positions. 

To  comprehend  the  method  of  applying  this  instrument* to  tlie 
purposes  of  practic^il  observation,  it  is  aecessary  to  remember  that 
it  is  only  applicable  to  objects  moving  in  parallels  of  declination 
which  intersect  the  prime  vertical.  Such  objects  must  have  northern 
declination  (the  instrument  being  supposed  to  be  established  in  a 
place  having  a  north  latitude),  and  a  pohir  distance  greater  than  that 
of  the  lenith  of  the  obseriratory,  that  is  to  say,  greater  than  its  co- 
ktitade.     The  paraileJs  over  which  Eucih  o)d^^\&  «:t^  citxtv^Ns^  *^&^ 
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tint),  all  inlereect  the  prime  vertical  at  two  points  of  eqoil 
,e  on  the  eastern,  sod  the  other  on  the  weelern,  quadnat 
1p.      Io  passing  from  the  Past  point  of  iutjjrwotion  to  the 
,  the  obJL'ct  pusses  over  the  muridian,  and   it  is  evident 
lODieut  of  itfi  mcriJiond  transit  is  preciselj-  the  middle 
rval  between  its  two  prime  vertical  traDsita,      If,  there- 
(act  times  of  the  latter  be  observed,  the  time  of  the  me- 
iDsit  can  be  deduced  by  a  simple  arithmetical  procesa. 
nre   the  iostrmcnt  for  obaervalion,  let  the   polar  distance 
■ct  iibout  to  be  observed  be  taken  from  ibe  Tables.     Lot 
■csscd  by  a;  let  the  co-latitude  of  the  obserratory,  or, 
■  same,  (he  polar  distance  of  the  tcnith,  be  x ;  and  let  the 
ance  which  the  object  must  have  when  it  cornea  on  the 
ica],  be  z.     These  three  arcs,  .,  x,  and  i,  form  a  right- 

glc  at  the  pole,  or  the  hour  angle,  be  A.     We  shall  iheo, 
iientary  principles  of  trigononicirj,  have 

.,,...  =  '£--(1);               CO../.  =  ^(2). 
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prime  yeriical  will  be  found  by  taking  a  mean  between  the  times 
of  the  transits  oyer  all  the  wires  at  both  sides.  If  this  time  be 
expressed  by  T^,  we  shall  then  haye 

T,  +  T,  +  .  .  .  +  T7  +  ^  +  ^  +  .  .  .  +  <i 


t'  = 


14 


These  observations  being  completed,  the  observer  awaits  the  transit 
of  the  object  over  the  western  quadrant  of  the  prime  vertical,  when 
he  makes  a  similar  series  of  observations  on  the  transits,  first  with 
the  telescope  on  the  south  side,  in  the  position  it  had  at  the  last 
observation,  and  then,  after  reversion,  at  the  north  side.  The  true 
moment  of  the  transit  is  found,  in  this  case,  in  the  same  manner  as 
in  the  former. 

By  taking  a  mean  of  these  two  means,  or,  what  would  be  equi- 
yalent,  a  mean  of  the  tiroes  of  all  the  twenty-eight  transits,  the  time 
of  a  meridional  transit  will  be  obtained. 

The  total  length  of  the  interval,  necessary  to  observe  the  transits 
oyer  the  wires,  north  and  south,  in  each  quadrant  of  the  prime  ver- 
tical, is  found  to  be  about  eleven  minutes,  less  than  1  i  minute  of 
which  is  employed  in  the  reversion  of  the  instrument  and  attendant 
arrangements. 

The  time  which  elapses  between  the  observations  on  the  eastern 
and  western  quadrants  of  the  prime  yertical,  will  necessarily  vary 
with  the  polar  distance  of  the  object,  and  will  be  less  in  proportion 
as  excess  of  that  distance  above  the  co-latitude  is  less.  The 
observations  which  have  been  made  with  this  instrument  at 
Pultowa,  have  been  chiefly  confined  to  stars  whose  polar  distanco 
exceeds  the  co-latitude  by  less  than  2^.  In  that  case,  the  interval 
between  the  observations,  east  and  west,  would  be  less  than  three 
hours. 

Professor  Struve  notices,  in  strong  terms,  the  advantage  which 
this  instrument  possesses  over  others  in  respect  to  the  errors  arising 
from  the  variation  of  the  inclination  of  the  line  of  collimation  to  the 
axis  of  rotation.  In  the  prime  vertical  instrument,  the  deviation 
of  the  line  of  collimation  from  true  perpendicularity  to  the  axis  of 
rotation,  is  assumed  to  be  invariable  only  during  the  short  interval 
of  a  single  observation,  whereas,  in  other  instruments,  its  invaria- 
bility is  assumed  for  twelve  hours,  and  in  some  cases  for  months, 
and  even  years.  It  has  the  further  great  advantage,  that,  by  reyer- 
iion  in  each  quadrant,  east  and  west,  all  optical  imperfections  which 
affect  the  precision  of  the  image  of  the  star  are  absolutely  annihi- 
lated.* 

_  II  — .  -    .  ^      .  _- 

*  For  a  detailed  account  of  the  Pultowa  prime  Tertical  instrument,  see 
Description  de  TObservatoire  Astronomique  de  Pultowa,  par  F.  O.  W. 
Strure.    AIbo  ABtroDom.  Nachricbten,  l$o.  4^%,  ei  %eq. 


AeTBOSOMT. 

fi-ouijlitoa'i  ahilvde  aa/l  azttnnlh  circle. — The  form  (f  I 

best  n<lapted   to  render  ibe  priociple  of  nliilude  lodl 

jments  iu  general  iatelligible,  is  that  vhfcb  isr*[K»l 

ti  XXXV.      This  circle  was  originaliy  pflostructed  bjl 

r  ibc  Rnyal  Academy  of  St.  Petorsbarg;   hut,  atthsl 

ivanii)n  of  Riisaia  by  ibe  French,  Ihc  fear  that  Peters- 1 

10  eipi>eed  to  the  nnnte  disasters  ns   Moscow,  indiKcd  I 

ulhurJtiee  to  reliaqtiish  tbeir  cinim  on  (be  itiBlrunient,  I 

Lsed   into   tfao   hands   of    Dr.  Pearson,  at  whose   prirtu  I 

at   Kilworth,  it  was   erectod.     Owing   to  the    indnp')- 1 

Dughtoa,  the  graduution  of  the  limbs  was  executed  hj  1 

ing  presents  the  circle  so  ihal  all  the  important  parts  I 
ifale.     The  iustnimcat  is  supported  on  the  capstone  of  t 
3  pedestal.     Upon  this,  tbe  fixed  partA  of  the  instm- 
nbieb  it  revokes  in  atiiDuth,  are  firmly  established. 
t  of  a  solid  vertical  cone,  terminating  below,  in  en  hexi 
raasc  of  loctiil,  each  vertical  face  of  which   mensnres 
re.      From  tbia  proceed  four  radial  oone.s,  three  of  whict 
if  120°  with  each  other,  are  supported  on    tbe  stone   I 
lij  feet  flupplicd  with  adjusting  screws,  by  nicnns  of  whic' 
'eveilcd.     The  fourth  radial  cone,  which  forms  an 
two  of  the  others,  carries  a  damp,  whieh  will  bs 


■ 
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inserted  in  a  square  hole  of  corresponding  magnilnde,  connected  by 
an  universal  Joint  with  a  rod  of  convenient  length,  which  the  ob- 
server holds  at  the  moment  of  the  observation,  and  bj  turning  which 
the  whole  instrument  is  moved  slowly  in  azimuth. 

The  vertical  circle  consists  of  two  parallel  limbs,  having  the  tele- 
scope between  them,  constructed  and  connected  in  a  manner  exactly 
similar  to  the  transit  circle  already  described ;  and  this  circle  is  sup- 
ported on  the  two  vertical  pillars  in  the  same  manner  exactly,  as 
already  described  in  the  case  of  the  transit  circle  (3399). 

One  only  of  the  two  vertical  circles  is  graduated,  being  divided 
aa  well  as  the  horizontal  circle  to  5'.  The  clamp,  with  its  tangent 
screw,  is  placed  on  the  side  not  graduated.  The  focal  length  of  the 
telescope  is  44*4  inches,  and  its  aperture  3}  inches. 

The  observations  of  altitude  are  read  off  by  four  microscopes,  the 
supports  of  which  are  shown  in  the  figure.  Two  are  supported  by 
arms  attached  to  the  vertical  pillar  on  the  graduated  side  of  the 
circle,  and  the  other  two  to  a  hoop  screwed  on  the  pillar  and  to  the 
arms  which  carry  the  two  former. 

The  instrument  is  provided  with  a  plumb-line  and  four  levels,  by 
which  its  proper  position  with  relation  to  the  vertical  direction  can 
be  always  verified. 

3403.  The  Greenwich  alt-assimuth  trutrument.  —  This,  as  the 
name  imports,  is  an  altitude  and  azimuth  circle  in  principle  similar 
to  that  just  described,  but  in  its  construction  and  application  dif- 
ferent from  any  instrument  of  its  class  hitherto  constructed.  The 
purpose  chiefly  to  which  it  is  applied,  and  with  the  view  to  which  it 
was  conceived  by  the  Astronomer  Royal,  is  the  improvement  of  the 
lunar  theory  by  multiplying  in  a  large  ratio  the  observations  which 
can  be  made  from  month  to  month  on  the  moon,  without  in  any 
degree  impairing  their  precision.  Such  observations  were  always 
made  with  the  mural  circle  and  the  transit,  until  this  instrument 
was  brought  into  operation,  and  they  were  consequently  confined  to 
the  meridional  transits  of  the  moon.  Now,  these  transits  cannot  be 
observed,  even  when  the  firmament  is  unclouded,  for  four  days  be- 
fore and  four  days  after  the  new  moon,  in  consequence  of  the 
proximity  of  that  body  to  the  sun ;  an  interval  amounting  to  little 
less  than  one-third  of  the  month.  Besides  this,  it  happens,  in  this 
climate,  that,  at  the  moment  of  the  meridional  transits  at  other 
parts  of  the  month,  the  observation  is  frequently  rendered  imprac- 
ticable by  a  clouded  sky.  It  was,  therefore,  highly  desirable  to 
contrive  some  means  of  making  the  observations  in  extra-meridional 
positions  of  the  moon. 

This  could  obviously  be  accomplished  by  means  of  an  altitude 
and  azimuth  circle,  such  as  that  described  above  ]  but  such  an  in- 
strument, however  perfect  might  be  its  construction,  is  not  sua- 
ceptible  of  the  necessary  precision.    The  A&ltQxvo\sx^x  ^c$^;i\^N^<aftp 
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ASTHOSOMT. 

veil  the  idea  of  nn  inBtroment  on  the  tame  prineiple, 

0  itwoald  be  capable  of  shifting  its  aiininlh,  would  still 
Mc  of   aa  much   precisian   in   eath  vertical  id  which  it 
pluced,  aa  the  nmral  circle  hw  in  Ihu  mcridi.tn.     He  ao- 
iropoaed  to  nttain   this  object  bj  adopting  adequate  engi- 
ledients  to  [)rndiice  the  necessary  soliditj  and  invariabilitj 
[lo  adopted,  aa  fundamental  principles  of  constnictioo,— 

roduce  as  manj  parts  as  possible  in  a  single  c&sting ; 
sd  no  small  serewg  for  combining  the  parts; 
,low  no  power  of  aJjostment  anywhere. 

XVI.  was   conatrucWd,  under  his  superintendence,  by 
jDBomo  and  May,  engineers,  of  Ipswich ;  the  graduation 
cuted  by  Jlessrs.  Trou|hton  and  Simms :   and  the  firat 
n  with  it  was  made  by  Mr.  Hugh  Breen,  jun,,  one  of  tbs 
nt  the  Observatory,  on  the  16th  of  May,  1847,  which  was 
e  as  good  as  any  succeeding  observation. 
truiDcnt  is  mounted  in  a  tower,  rai^d  to  such  a  height  u 
id  Ihe  horizon  io  all  directions  above  the  other  hnildiogs 
wrvatory,  eicept  on  tbe  side  of  the  south-east  dome  and 
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to  the  instrameDt  so  as  to  reyolve  with  it.     Their  reflectors  are 
OlomiDated  by  a  lamp  properly  placed. 

The  lower  pivot  on  which  the  instrament  turns,  is  supported  on 
a  point  in  the  stone  pillar  at  the  centre  of  the  azimuthal  circle.  To 
support  the  upper  pivot,  an  iron  triangle  is  established  on  the  three- 
rayed  pier.  On  each  side  of  this  is  erected  another  iron  triangle, 
whose  plane  is  vertical,  and  whose  sides  unite  in  a  vertex  which 
forms  one  of  the  angles  of  a  corresponding  triangle  above.  This 
upper  triangle  supports  three  radial  bars,  which  carry  at  their  point 
of  union  the  Y  in  which  the  upper  pivot  plays.  The  bars  of  the 
lateral  triangles,  which  are  apparent  in  the  drawings,  pass  the  holes 
in  the  floor  without  touching  it. 

The  frame,  revolving  in  azimuth  and  carrying  the  instrument 
with  it,  consists  of  a  top  and  bottom  connected  by  vertical  cheeks, 
all  of  cast  iron.  The  supports  of  the  four  microscopes  for  reading 
off  the  azimuth  on  the  lower  circle  are  cast  in  the  same  piece  with 
these  vertical  cheeks. 

The  vertical  circle  carrying  the  telescope  is  3  feet  in  diameter, 
and,  like  the  azimuth  circle,  is  made  of  hard  gun-metal.  The 
aperture  of  the  object-glass  is  3|  inches.  The  top  and  bottom  of 
the  instrument  each  carries  two  levels,  parallel  to  the  plane  t>f  the 
Vertical  circle. 

The  dome  over  the  instrument  is  cylindrical,  with  double  sides, 
between  which  the  air  passes  freely.     Its  diameter  is  10  feet. 

The  drawing  represents  the  instrument  as  in  use.  The  ladder 
revolves  in  azimuth,  with  the  instrument,  round  the  central  pier, — 
to  focilitate  which  motion,  rollers  are  placed  under  it.  Two  boards 
are  attached  to  the  revolving  frame,  having  their  edges  in  a  plane 
parallel  to  that  of  the  vertical  circle.  The  eye  bein^  directed  along 
these  to  view  the 'object,  the  instrument  is  placed  very  nearly  in 
the  proper  azimuth,  and  the  telescope  is  then  accurately  directed 
to  the  object  by  the  ring-finder.  These  boards  are  omitted  in  the 
drawing. 

The  drawing  has  been  reduced  from  an  engraving  prefixed  to  the 
'^  Oreenwich  Observations  for  1847,"  which,  however,  was  originally 
published  in  the  *'  Illustrated  London  News." 

The  results  of  the  observations  made  with  this  instrument  are 
stated  to  have  fulfilled  all  the  anticipations  of  the  Astronomer 
Royal,  as  well  as  to  the  number  of  observations  as  to  their  excel- 
lence. At  least  twice  the  number  have  been  made,  and  of  equal 
goodness  with  those  formerly  made  with  the  meridional  instru- 
ments. Some  have  been  made  even  with  a  day  of  conjunction ; 
and  Mr.  Main,  the  chief  assistant  at  the  Observatory,  has  expressed 
bis  conviction  that  in  a  few  years  observations  with  thb  instrument 
will  remove  all  the  deficiencies  which  still  remain  in  the  lu«iar 
theory. 


A8TRON0MT. 

Puke  of  Northumberland,  who  filled  during  the  Utter 
life   the  high  and  honourable  office  of  Chanwllor  of  the 
of  Cambridge,  presetted  to  that  university  tbis  initra- 
b,   sueccssivelj  in   the  handa  of  the   Astronomer  Rojil 

ssor  Challis,  has  conlribated  eo  effectually  to  the  sdviMe- 
tronomicnl  science. 

truiiicnl,  of  which  a  perspective  view  is  given  in  Plate 
,  together  with  a  view  of  the  buildiog  in  which  it  '» 

nsists  of  a  refracting  telescope  of  ISJ  feet  focal  length, 
chps  aperture  equatoreally  mounted.      The  polar  aiis,  u 
the  drawing,  consists  of  ft  syatem  of  framing  composed 

ong  (ieftl  poles,  attacbcd  at  the  ends  to  two  bciageul 
cast  iron,  the  eeotrcs  of  which  support  the  tipper  and 
ta  on  which  the  telescope  revolves.     These  poles  at  (be 

c  braced  by  transverac  iron  bands,  and  by  a  system  of 

ods  of  deal  abutting  near  the  middle  of  the  poles.     These 
ess  to  the  entire  fmwing  of  the  polar  aiia,  and  maiotiia 

anal  frames  square  to  it.     Efficient  meana  are  provided  to 

city  to  the  supports  of  the  pivots  and  smoothness  to  the 

)B  of  the  leleseope  ia  made  of  well-seasoned  deal,  and 

NORTHDH«ESif&^  ,kciUATORI  AL. 
CAUBBTDOB  oBmirATOBT. 
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through  a  limited  space  upon  the  hour  circle.  The  rate  of  motion 
given  to  the  hour  circle  by  tbe  clock  is  not  affected  bj  this  move- 
ment. The  hour  circle,  therefore,  going  according  to  sidereal  time, 
small  differences  of  right  ascenfion  can  be  measured  bj  reading  off 
the  angles  pointed  to  bj  the  moveable  index  before  and  after  the 
changes  of  position. 

The  dome  which  covers  the  instrament,  and  which,  as  well  as  the 
other  details  of  its  erection,  was  constructed  under  the  direction  of 
the  Astronomer  Royal,  who  was  then  the  Cambridge  astronomer,  is 
supported  so  as  to  revolve  on  free  balls  between  eoncave  channels, 
holdfetsts  of  peculiar  construction  being  provided  to  obviate  the 
eventuality  of  the  dome  being  dislodged  or  blown  off  by  wind  or 
any  other  unusual  disturbance.  The  winch  which  acts  on  the 
machinery  for  turning  the  dome,  is  carried  to  the  observer's  chair, 
80  that  he  can,  while  engaged  in  a  long  observation,  torn  the  dome 
slowly  without  removing  from  his  position.     . 

The  magnitude  of  the  instrument,  and  the  consequent  extensive 
motion  of  the  eye-piece,  rendered  it  necessary*  to  contrive  adequate 
means  by  which  the  observer  could  be  carried  with  the  eye-piece  by 
a  common  motion  without  any  personal  derangement  which  might 
disturb  the  observation.  This  is  accomplished  by  means  of  an 
ingenious  apparatus  consisting  of  a  frame,  of  which  the  upper  edge 
is  nearly  a  circular  arc  whose  centre  is  the  centre  of  the  telescope, 
which  frame  travels  horizontally  round  a  pin  in  the  floor  exactly 
below  the  centre  of  the  telescope,  the  observer's  chair  sliding  on  the 
frame.  The  observer  can,  by  means  of  a  winch  placed  beside  his 
chair,  turn  round  the  frame  on  which  the  chair  is  supported,  and 
by  means  of  a  lever  and  ratchet  wheel  he  can  raise  and  lower  the 
chair  on  the  frame.  He  has  also  means  of  raising  and  depressing 
the  back  of  the  chair  so  as  to  give  it  the  inclination  he  may  at  the 
moment ^nd  most  convenient. 
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ractftr  of  orfait«3l49 ;  ellipticwhoM  mfftn 
diatmncet  are  nearly  equal  to  thai  of  Ura- 
nus. 3051 ;  orioox  perinda.  flrat  rRC«>ftni«ed 
as  iieriodic,  ib. :  fiallry'a  reaearchpa, 305:i : 
H alley'*,  ib.  3(Kl*i;  path  and  time  of 
perihelion  uriiallcv'aralculatetl  by  Clai 
rant  and  Lalandu.  3056;  dislurbinir  artion 
of  a  planet  on  a.pzploined,n059 ;  efflTt  of 
the  perlHrbin«  artiun  of  Jupiter  and  Sa- 
turn  on  Halley's.  between  ltit49  and  1758, 
30ti0;  calculationi  of  iti  return.  .1061 ;  ta- 
bular synopais  of  motion  of  HalleyVKWS; 
Pona'a.  of  18IS,  3064;  Oibera'a.  of  1815, 
30(U;  D«  Vico*a.nf  itMU,  3066  ;  Broraen'a, 
of  1847,  3067;  Wefftphal'a,  of  I85«,  3U68; 
tabular  ayDopaia  of  motiona  of  tlieae  aix, 
'  ~>;  elliptic,  wboae  mean  di«tanc(»a  ex- 
limita  of  aolar  aystem.  307-2;  twenty- 
I  elliptic,  of  (reat  eccentricity  and  long 

Sf  jod,  ib.  i  hyperbolic,  3074 :  parabolic, 
75;  diatribution  of  cometanr  orbita  in 
•pace.  3076 ;  relative  number  or  direct  and 
refrofrade,  3077;  inclination  of  orbita, 
3078;  direcliona  of  noilea  and  periliulia, 
3079;  diatribution  of  the  pointa  of  peri- 
helion, 3Oj0:  phvaical  constitution  of, 
9081 ;  apparent  form,  head  and  tall,  ib.; 
nucleua.  auf^d ;  coma.  3083 ;  raasa.  volume 
and  denaity.  30H8;  light,  3089;  Struve'a 
drsfvinfa  of  Halley'a.  :fU03;  it*  appeiir- 
ancaa  on  varioua  daya.  3094,  et  acq  ;  Sir  J. 
Herach^ra  ileductiona  from  theae  phono- 
m^na.  310.1;  obsnrvatioua  and  drawinjra 
of  M.H.  Mar.lear  and  Smith. :U05;  number 
of.  3116;  duration  of  the  appearance  of, 
3117;  near  approach  to  the  earth.  3118. 

Compaaa.  azimutli.  1650;  uiarincr'a,  lo51. 

Compenaatora.  1366. 

Compleraenl.  3361. 

Component,  and  resultant.  correlatiYe.  150, 
ami  reaultant  interrhanxeable.  153:  or 
thoffoniil,  3130;  radial  and  tranKversal, 
3132;  tangential  and  normal  3i:fi2;  posi- 
tive and  negative.  313f);  fffects  of  the 
radial  of  the  diKturbing  force.  3138;  rfll^cta 
of  the  tianaversal  of  the  disturbing  force, 
3153;  effeclaof  the  orthogonal  component 
of  the  diaturbinc  force.  3158. 

Coinp««ition.  of  forcca,  144;  of  fbrcea  ap- 
pUad  to  diilerent  pointa,  156 ;  of  motion, 
105 ;  ezamplea  of.  174. 

ConpreMion/Uminishea  bulk.  89 ;  aufroenia 
doiiaitjr,  ib, ;  of  wood,  09 :  of  stone,  93 ;  of 
BMtala.  IM ;  of  Ii4)uida,05 ;  of  water  proved, 
00;  of  gaaea,  97;  of  vapour,  1490. 

Cotpwaaibility,  80 ;  all  bodies  compreaaible, 
00. 

Coodenaation.  1309, 1485;  of  Yapour,  1514. 

Condaoaer.  electric,  1745;  principle  of, 
1746;  fbrma  of  Cathbertaon'a,  1751. 

Oonduetioo.  1313»  1519;  electric  1710.  See 
EhetrUitif. 

OoBductibiliiy.  1313. 

Oondactors,  food  and  bad,  1519;  electric, 
1711  ;eoaoactlnff  galvanic  element!,  1887. 

Ooagalation.  1.108.  1441 ;  latent  beat  ren- 
di>rod  aensible  by,  1437;  poinuof,  1456; 
of  akobol.  1471. 

Conic  aeetiona.  9611. 

Coi^anetioo,  S579;  superior  and  ioftriit', 
SS76. 

Cbn  traction,  130tTl366 ;  geaeral  eflixu  of, 
113;  of  solids,  13GS;  of  aiercury  in  cool- 
inf,  I4M. 

ZU. 


Copernican  system,  9445. 

Cordage,  strength  of.  596. 

Cornea,  1085.    Bee  JEya. 

Corpuaclea  of  bl<H>d.  47. 

Couloniirs  electrotfrope.  I756i 

Couple,  dcflned.  160;  mechanical  eflect  oi; 
ll»l ;  equilibrium,  Ki'J. 

Couronue  dea  tasscs.  1883. 

Crank  described,  515. 

Croase's  elect ro-cbeiuical  rcaearchea,  9076. 

Cniikahank's  galvanic  arrang(;menl,  ld83. 

Crystala,  uni-axial.  1-255:  bi  axial.  1957. 

Crystallization,  indicates  existence  of  ultl 
mate  molecules,  60;  process  oi;  61. 

Crystallized  state,  some  bodies  exist  natu- 
rally in,  63. 

Crystalline  humour,  1067.    See  £ye. 

Currents,  atmospheric,  cauae  of,  i:W9;  vol- 
taic. liiOl.  See  Eiutrieitff.  Rectilinear, 
1907;  indefinite,  ib. ;  dosed,  ib  ;  circular 
or  spiral,  ib  /circulating,  1907 ;  apiral  and 
heliacal.  1U40;  titer  mo-electric,  4037. 

CuthbarlsoD'a  electric  coudenaer,  1751. 

D. 

DancA,  electric,  1795. 

Daniers  constant  battery,  1865^  1805 ;  by* 
groiuei<>r,  9945. 

Davy,  galvanic  pile,  1889;  experiments  in 
electrochemistry,  3083;  method  of  pre- 
serving copper  sheathing,  9lul.  See  EUc' 
frieilf. 

Dawes'a  observations  on  Saturn*s  ring, 
9813 ;  of  solar  eclipse  of  1851,  3936. 

Oav,  civil,  9459. 

Declination.  1055,9452;  in  different  ]ongi> 
tudea,  663;  obsrrved  at  Paris.  1667. 

Deflagrator.  galvanic,  1893.  9135. 

Dela rive's  floating  elect ro-magnstic  appa- 
ratus. 1957. 

Df^liir's  galvanic  pile,  1807. 

Density.  74;  determined  by  proportion  of 
mas*  to  pore*,76 ;  and  porosity  co-relative 
terms,  77;  i^xamples  of,  81 :  effect  of  ie> 
latiou  of  different  strata  of  aama  liquid, 
139H:  relation  of  specific  heat  to.  1417; 
of  earth,  9379;  of  moon,  9«81 ;  of  sun, 
V53;;;  to  determine.  9646.  See  Smn,  Moon, 
Planoio,  the  twtrmt  Ptess/s,  Pi»uotoidt, 
Qfmotf. 

Dew.  principles  of,  1577,  9948;  point,  9340, 
9944. 

Diameter  of  moon,  2468;  to  determine  real, 
9639.  Sec  Sun.  the  otvtrol  PianUt,  Moan. 

Diathermanous  media,  1315^  1560. 

Dilaiability.  90. 

Dilatation,  1307;  by  temperaturv,  110;  of 
lif|uids  in  tliermometers.  III;  use(bl\ap- 
plication  of,  to  metal.  119;  general  efl^ts 
of,  113;  of  mercury,  rata  of,  i:t38;  of 
solids,  1355;  of  gases,  1374;  of  gases 
diflbrs  with  change  of  pressure  and  tem- 
perature. 1381 ;  of  liquids,  1301;  rates  o^ 
of  liquids.  1309. 

Dip,  lines  of  equal,  1658;  local,  1664;  ob- 
served at  Pans.  1667. 

Dipping-needle,  1659. 

Direction  of  force,  146;  of  motion  in  curve, 
166;  resultant  of  two  motions  in  same, 
171;  in  opposite,  179;  in  diflSnvnt,  173; 
vertical,  938. 

Discbarging-rod,  1749. 

DisUQoe,  o(  auntSAJBAx  VMomulMiA* 
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Zambonrt  pile,  1898;  pilei  of  a  tingle 
metal,  1899;  Kitter'd  vecondary  pilea, 
1900 ;  voltaic  current!,  1901 ;  direction  uf 
current,  VM-i;  poles  of  pile,  1903;  voltaic 
circuit,  1U04 ;  method  of  coating  con- 
ducting wires.  IfMK);  supports  of  wires, 
191^  Ampere's  method  to  reverse  current, 
191 1 ;  Pohl's  rbeotiope,  1912 :  electrodes, 
1013;  Ampere's  apparatus  for  supporting 
movable  currents,  |UJ5;  reciprocal  in- 
fluence  of  rectilinear  currents  and  mag- 
nets, 1916;  electro  magnetism,  1917; 
effect  of  shock  on  bodies  recently  deprived 
of  life,  3150;  on  a  leech,  ib.;  excitation 
of  nerves  of  taste,  S151;  of  nerves  of 
aighi,  9153;  of  nerves  of  hearing,  2153; 
aupposed  sources  of  electricity  in  animal 
organization,  2154 ;  electrical  flshes.  3155 ; 
properties  of  the  torpedo,  3156;  the 
•lectric  organ,  3159 ;  atmospheric,  2*259 ; 
observations  of  Quetelet.  220^! ;  Romas's 
experiments,  2266;  inductive  action  of 
electric  clouds  on  earth,  2374 ,  fulgurites, 
8375. 

Electricity,  thermo-,  3036 ;  thermo-electric . 
current,  3037;  Pouillet*s  thermo-electric 
apparatus.  2042;  conducting  powers  of 
metals.  2044 ;  thermo-electric  pil(;s,  2U49 ; 
electro-chemistry,  2051:  eleciiolytes  and 
electrolysis,  3052;  Faraday's  electro- 
chemical nomenclature,  2054;  positive 
and  negative  electrode,  2055 ;  eloctrolyvis 
of  water,  -J058;  Mitscherlich's  apparatus, 
80C0;  compounds  susceptible  of  electro- 
lysis. 30(i8;  electro  negative  bodies.  2070 ; 
electro  positive  bodies,  2071  ;  researches 
of  Becquerel  and  Crosse,  2076 ;  Faraday's 
voltameter.  2079;  Faraday's  law,  2080; 
Bir  II.Oavy'sexperiment8.2083;  Faraday's 
doctrine,  2087;  Pouillet's  observations, 
2089;  Davy's  experiments  confirmed  by 
Becquerel.  2090;  liquid  electrodes.  3094; 
electrolysis  of  the  alkalis  and  earth's. 
3096;  tlM  series  of  new  metals,  2007; 
Schdnbein's  experiments  on  the  paxsivity 
of  iron.  2098 ;  tiee  of  Saturn,  2100 :  Davy's 
method  of  preservini^  copper  slieathing, 
3101 ;  calorific,  luminous,  and  physio- 
logical efliects  of  voltaic  current.  211^: 
Hare  and  Children's  deflaerators,  21.*^; 
Wollaston's  thimble  battery,  2136: 
Ja^bi's  experiments  on  conduction  hy 
water,  2140;  combustion  of  the  meinls, 
9141 ;  electric  light,  3143;  electric  lamps, 
9146. 

Electro-chemistry.  3051. 

Electrodes.  1913,  2055. 

Electrolysis,  2052;  compounds  susceptible 
of,  20<*>8. 

Electrolytes,  3053. 

Electrolytic  classification   of  the   simple 
bodies,  9069. 

Electro-magitets,  1969. 

Electro- inagnetism,  1917;  apparatus  to  ex- 
hibit direction  of  force  iinpresiw>d  by  a 
rectilinear  current  on  a  magnelir  pole, 
I*.i32;  apparatus  to  measure  intensity  of 
auch  A>rce,  1923;  apparatus  to  illutiirate 
electro-magnetic  rotation, 1930:  Ampere's 
method,  1933;  reciprocjil  influence  of 
circulating  currents  and  magnets,  1935; 
cirrutating  current,  ib. ;  axis  of  current, 
103U;  spiral  and  heliacal  currents,  1040; 
AmpCre  and  Delarive's  apparatus,  1957; 
Inatabto  &qiiiJlbrtum  of  current,  1947; 
rlski-baad9d  Mnd    Itft-Jiu)d«d    lielicet, 


1953;  electro  magnetic  induction,  1959; 
Savary's    experiments.    1965;     electro* 
magnets.  1969;   electro* magnetic  power 
employed  as  a  mechanical  agent,  1971; 
electro- motive  power  employed    by  M. 
Froment,  1U72;  electro-motive  machines 
constructed   by  him,  1973;   distributor, 
ib. ;   regulator,  ib. ;    use   of  a   contact 
breaker,    1980;     magneto-electric    ma- 
chines, 1981 ;  effect*  of  momentary  in- 
ductive  currents  produard  upon  revolving 
metallic  disks,  1984;  researches  of  Arago, 
Hcrschel,  Babbage.  and  Faraday,  19b4; 
influence  of  terrestrial  magnetism  on  vol- 
taic currents,  1985:  direction  of  earth's 
magnetic  attraction,  ib. ;  Pouillet's  ap« 
paratus  to  exhibit  effects  of  earth's  mag> 
netism,  1994 :  Ampere's  rectangle,  3003 ; 
reciprocal  influence  of  voltaic  currents, 
3004 ;  voltaic  theory  of  magnetism,  3025 ; 
rheoacopesandrbeometers,  3030 ;  differen- 
tial rbeometer,  3034. 
Electro-magitetic  induction,  1959. 
Electro-metallurgy,  3110;    production  of 
metallic  moulds,  3121 ;  production  of  ob- 
jects in  solid  metal,  2122;  reproduction 
of  stereotype  and  engraved  plates.  2123; 
nieiallising  textile  fabrics.  3124;  glypho- 
grnphy,  2125;  reproduction  of  daguerreo- 
type,  2126. 
Elect rcy motive  force,  1846. 
Electro-negative  bodies,  2070. 
Electro.positive  bodies.  2071. 
ElcctroplKirus,    1745.  1752. 
Electroscopes.  1753;  pith-ball,  1754 ;  needle, 
1755;  Coulomb's,  1756;  quadrant,  1757; 
gold  leafT  IIM;  condensing,  1759. 
Electro-telegraphy.  2127;  conducting  wires, 
3128;  earth  best  conductor,  2138;  tele- 
graphic   signs,  3139;    Morse's    system, 
31.13;  electro-chemical  telegraphy,  3133; 
Bain's  telegraph,  ib. 
Element-positive,  2056;  negative,  ib.;  va- 
riable, 3125. 
Ellipse,  method  of  describing,  2460 ;  foci, 
axis,  and  eccentricity,  ib. ;  major  and 
minor  nxea,  2616;  instantaneous,  3135; 
paralactic,  3296. 
i    Elongation,  2571. 
Endosmose.  286. 
Ensine  (fire-).  753. 
Equator,  ma};netic,  1614.  1658. 

.  thermal.  3173;  celestial,  3346,  8363; 

terrestrial.  •3358. 
Equatorial,  3336. 
Equation,  annual,  3193;  of  the  centre,  3199 ; 

of  the  eiiuinoxes,  33tNS. 
Equilibrium,  of  couples.  163;  stable,  un- 
stable,  and  neutral,  398;  examples  of, 
302;  power  and  weight  in,  rest  not  ne- 
cessarily implied,  400;  infers  either  ab- 
solute rest  or  unifbrm  motion,  401 ;  stable, 
of   floating    body,  672;    unstable,  673; 
neutral,  674. 
Equinox,  vernal  and  autumnal.  3431 ;  pre- 
cession of  the,  3275  ;  equation  of.  3386. 
Ernrd's  piano,  example  of  complex  leverage 

in.  440. 
Eunomia.    See  Planetoidg. 
Evaporation,  1485;  mechanical  force  de- 
veloped in,  1494;  beat  absorbed  in.  1511. 
Eye.  lOt^ 
Eccentricity,    Bee  Lnnmr  TVeryf  P«if«r- 

tefjana.  Orbit^  PUmMm. 
Exoarooae,  ^Sft. 
1   Exp%iMkb\\\Vi  ot  iai«^\^l^ 
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flrom  whirh  body  flillt  in  •  Mcond,  949; 
why  fall  from  great,  not  to  defftructive, 

,IIeliacal,  valYanic  pile  of  Parte,  1885. 

Helicis.    S«e  Electrieitf. 

Helioineter  (Oxford),  33D7. 

Hemivptwre  (Cf  lesiial),  S330. 

Henderion  ( Profeseor),  diicoTery  of  paral- 
lax of  a  Centaiiri,  3303. 

Hertcliel,  Sir  John,  electro-magnetie  re- 
eearcbes,  19&4;  obeervationi  of  moon, 
84U1 ,  obeervations  and  drawing*  of  clut- 
ter* and  nebule,  3388;  obeervations  and 
drawing*  of  spot*  on  son,  !2543;  hypo- 
the*!*  to  explain  eolar  spots,  9552;  tele- 
scopie  drawing*  of  Jupiter,  3754;  deduc- 
tions from  phenomena  of  H alley**  comet, 
3103;  astroroeter,  3320. 

,  Sir  William,  observation*  of  Venus, 

SC87;  of  Saturn,  2810 ;  observations  of 
double  stars  to  discover  stellaf  parallax, 
3355 ;  telescope.  3395. 

Hind,  observations  of  solar  eclipae  of  1851, 
8»35. 

Hodgki neon's  experiments  on  strength  of 
timber,  bOO. 

HoriBon.  3331. 

Humboldt,  researches  as  to  snow-line,  3188. 

Humphrey's  obeervations  of  solar  edinse 
of  185i,  3931. 

Hurricanes,  3338. 

Hunter's  screw,  501. 

Hydraulic  press,  Britannia  bridge,  casting 
of,  1538. 

Hydrostatic  balance,  771. 

Hydrometer,  773. 

Hygeia.    See  Planetoid*. 

Hygrometer,  Daniel's,  2345;  Augost's,  3346 ; 
SausMjrJs's.  2347. 

Hygrometry,  3239;  dew  point,  SS40  2344. 


Ice,  method  of  preserving,  15K ;  production 

of  artillcial.  1468,  1579. 
— ,  polar,  3305;  extent  and  character  of 

ire- fields,  3306;  fabrication  of,  3350. 
leeberga,  2307. 
Impact  of  elastic  body,  316. 
Impenetrability,  33. 
Inactivity,  114. 
Inrandescencc.  1310. 
Incidence,  angle  of.  217. 
Inclination,    moon's.   3330.     See    Lunar 

tkMTf^  Orbitj  Perturbation. 
laduction.  1G33;  magnetic,  1^30;  electric. 

17S8;  efliicts  of  electm-maKnetic,  195'J. 
Inequalities,  3184 ;  lunar.  See  Lunar  tkeorf. 

Oeneral  summary  of  lunar,  3326;  Inn;, 

3255 ;  secular,  3364.    See  Perlurbatione. 
Inertia.  114;  defined,  115:  astronomy  sup. 

plies  proofs  of  law  of.  1  lit;  examples  of, 

120;  supplies  means  uf  accumulating  force, 

fl24. 
Inflection,  1230. 
Influence  of  terrestrial  magnetism  on  vol- 

Uic  currents,  1985. 
Infusible  bodini.  1475. 
Inlaying,  metallic,  i3(»8. 
Insects'  wings,  thinness  of.  42. 
Insulating  stools,  1714. 1741. 
Insulators.  1713. 
Instrtimonts    (remarkable    astronomical). 

3394.  Sir  William  Uenehcrs  fbrty-lbct  ra- 


fleeting  teleaeope,  3395 ;  leawr  Soiae  tele- 
scope, 3396 ;  greater  Rosse  telescope,  3397 ; 
Oxford  helioraeter.  3396;  Trooghton's 
transitcircle,3399;  Greenwich  transit  cir- 
cle, 3400;  Pultowa  prime  vertical,  3401; 
Troughton's  altitude  and  azimuth  circle, 
3402;  Greenwich  alt-azimuth,  3403; 
Northumberland  telescope,  3404. 

Intensity  of  force,  144. 

Interference,  836.  1230, 1841. 

Irene.    See  Planetaida. 

Iridescence  of  fish-scalea,  ^.  explained, 
1339. 

Isogonic  lines,  1668. 

Isoihennal  lines,  2169;  iaothennal  lonaa, 
3170. 

Ivory  balls,  elasticity  of,  105;  rebound  ot, 
215. 


J. 

Jacobi's  experiments  on  electric  conduction 
by  water,  2140. 

Jovian  system,  elements  of,  2999 ;  theory  of, 
3238;  analogy  to  terrestrial  system,  U.; 
mutual  perturbation  of  satellites,3330:  re- 
trogression of  lines  of  conjunction  of  first 
three  satellites.  3331 :  eifecu  of  their  ma- 
tual  pttrtur bat  ions  upon  their  orbiu.3236; 
motion  of  apsides,  3337;  positions  of  peri- 
Jovps  and  apjoves  of  the  three  orbits, 
3239;  value  of  eccentricity,  3240;  efiects 
of  the  eccentricity  of  the  undisturbed 
orbit  of  the  third  satellite,  3843;  pertur- 
bations of  the  fourth  satellite,  3343 ;  com- 
plicated perturbations  of  this  system, 
3244.    See  Perturbatione. 

Juno.    See  Planetaida. 

Jupiter.  2739;  Jovian  system,  ih.;  period, 
2730;  heliocentric  and  synodic  motions. 
2731 ;  distance,  2733;  orbit,  3733;  annual- 
parallax,  3734;  distances  from  earth, 
2735;  orbital  velocity,  2736;  intervals  be- 
tween opposition,  conjunction,  and  quad- 
rature. 3737;  no  sifnsilile  phases,  3738; 
appearance  in  firmament  at  nicht,  2730; 
stations  and  reirogression.2740 ;  apparent 
and  real  diameters,  3741;  relative  splen- 
dour  of.  and  Mars.  3742;  surface  and  vo. 
Innie,  3743;  solar  liitht  and  heat,  2744  ; 
rotation  and  direction  of  axis,  2745;  Jo- 
vian years,  3746:  seasons.  2747 ;  telescopic 
appeal  a  nee.  2748;  belts,  2750;  telescopic 
drawing  of.37S4 :  obsei  vations  ofMiidkr, 
2755;  spheroidal  form,  2756;  satellites, 
3757;  plinses.  3758;  elongation  of  satel- 
lites, 3759 ;  distance's  flroni  Jupiter.  2760; 
harmonic  law  obsf^rveil.  3761 ;  relation  be- 
tween motions  of  first  three  satellites, 
3763;  and  their  longitudes.  2763 ;  orbits  of 
satellites,  3764 ;  apparent  and  real  magni- 
tudes, 3765;  parallax  of  satellites,  2767; 
apparent  magnitude  of,as  seen  from  satel- 

.  lites,  2768;  satellites  visible  fttim  cir- 
cumpolar  region,  276U ;  rotation  on  their 
axes,  3770 ;  mass,  3771 ;  mutual  perturba- 
tions, 3773;  density,  3773;  masses  and 
densities  of  satellites,  3774;  superficial 
gravity,  3775;  centrifugal  force  at  equator, 
377ii;  variation  of  superficial  gravity  from 
equator  to  pole.  2777;  long  inequallly  of, 
3356.  See  Jaoiau  aifftUwa,  Plm*at§,  Par- 
turbeOiaua, 
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S897;  belloeentric  and  fynodie  motions. 

9968;  orbit,  iSM;  divition  of  fynodic 

period,   27U0;   appareiil    umtion,   STUI ; 

■mtiont  and  retrugreMioii,  ^U9 ;  phavei, 

S703;  apparent  and  real  diameter,  12704; 
Toluine.  ^05;  niasa  and  deniity,  87n6; 

superficial  gravity,  2707;  Mtlar  light  and 
heat,  370ri:  rotation,  3709;  days  and 
nights.  S7I0 ;  Masons  and  climates,  371 1 ; 
observations  of  Beer  and  MKdier,  S7I3; 
areographic  character,  9713;  telescopic 
views  or.  3714 ;  areographic  charts  of  the 
iwo  hemispheres,  ift. ;  polar  suow,  1715; 
possible  satellite,  3717. 
Mass.  of  earth,  3373 :  of  moon,  3481 ;  of  sun, 
fSSSi  to  determine  mass.  3633;  orMf-rcury. 
9tOJ;  of  Venus,  ib.;  of  Jupiter,  3771;  of 
Baturn,  8837 ;  of  Uranus,  3883.  See  the 
BtvermtPtaBtf,  PUnttt.  Ptmn*toid0,Com§U. 
MasMilia.    Bee  I*Unetaid». 

Materials,  strength  of,  587. 

Malting  on  exotics,  iu  use,  1531. 

M«lltini.  thermoscopic  apparatus,  1564; 
thermo-electric  pile,  30S0. 

Melpoiuene.    See  Plan§Und». 

Meniscus,  1088. 

Mercury  (metal),  methods  of  purifying,  715 ; 
preparation  of,  Ikn  tlierroouieter,  1333; 
introduction  in  tube,  1336;  rate  of  dila- 
tation  of,  1338;  qualities  which  render  it 
a  convenient  thermoscopic  fluid,  1343. 

— .  (p/aa«0»3653;  mass  of,  S6U9;  period, 
9653:  heliocentric  and  synodir  motions. 
9654 :  distance,  3655 ;  orbit.3ii58 ;  apparent 
motion.  3659;  apparent  diameter,  8661; 
rral  dismeter,  3663;  volume,  3663;  mass 
and  density.  3664;  superficial  gravity, 
9665;  solar  light  and  heat.  3666;  moun- 
tains. 3609 ;  corrected  estimate  of  mass, 
3034. 

Meridian,  magnetic  1654, 1659;  true,  1654 ; 
ten^trial.  ib.  3358;  celestial,  3348;  fixed, 
9360.  mark,  3401. 

MeUls,  compr(!S8ion  of.  04 ;  vibratory,  131  ; 
liardneas  and  elasticityof.by  combination, 
133;  table  of  tenacity  of,  141 ;  weldable, 
1466 ;  ignition  of.  by  electricity, ti03;  elec- 
tric conducting  power  of,  3044 ;  new.  3097. 

Metallic  bars,  useftil  application  of  dilata- 
tion and  contraction  of,  113. 

Meteorology,  3160;  diurnal  tbennoaietric 
period,  8163;  annual,  8163. 

Metis.    See  PUmttoUM. 

Microscope,  simple,  1303;  compound,  1807, 
8409;  solar.  1811. 

Microscopic  phenomena,  49. 

Micrometer,  8303;  parallel  wire.  9309; 
wires,  3403 ;  (position),  3305. 

Midnight,  3453. 

Mill-stones,  method  of  forming,  383. 

Mirage,  lOno. 

Mirrors,  silverint,  371. 

Mtischerlich's  electrochemical  apparatus, 
9060. 

Moisture,  deposit  of.  on  windows,  1576. 

Molecules,  ultimate,  may  be  inferred,  63; 
too  minute  for  obst^rvation,  67 ;  indestruc- 
tible, 69 ;  component  of  a  bodjr  not  in  con- 
tact, 74 ;  weight  of  aggregate  of,  its  weight 
of  body,  9(i3 ;  effect  of  cohesion  on  gravity 
of,  963;  resultant  of  gravitating  (hrces  of, 
964;  method  of  determining  resultant, 
965. 

MooMnt,  of  power,  defined,  409. 
of  weight,  delfned,  409. 
tnm,  ofgolU  masMP,  J90 ;  of  Ilqtikdi, 


191 :  of  air,  199;  arithmetica]  ezpreaion 
for  communication  of.  198. 
Month,  mean  temperature  of,  3165;  of  mean 

temperature.  2167;  lunar,  3480. 
Moon.  3465 ;  apfiearance  of,  wlien  rising  or 
setting:  oval  furmof  disk, 8436;  distance, 
3466;  linear  valge  of  1"  on,  3467;  ap- 
parent and  real  diameter,  3468;  ap|»arent 
and  real  motion,  3469;  orbit,  3471 ;  ap- 
sides, 3473;  apogee  and  petigee,  ib  ;  pro- 
gression of  apsides,  ib.;  nodes,  3473;  ro- 
tation, 3-t74 ;  inclination  of  axis  of  rota- 
tion, 3475;  libration  in  latitude,  3476; 
phases,  3479;  synodic  period.  3480 ;  mass 
and  density,  3481,9640 ;  no  air  upon,  3483; 
moonlight,  8484;  no  liquids  on,  8485; 
disk,  3488;  surface,  3489;  olains,  3490; 
mountains,  ib.;  influence  or  on  weather, 
3493;  other  influences.  8494;  red,  3495; 
tides  and  trade  winds,  3513;  comparison 
of  lustre  of  AiU  moon,  with  sun,  3383. 
See  Lunar  tJuorf, 
Moonlight,  8484. 
Morse's  electric-telegraph,  3133. 
Motion,  144;  why  rciaided  and  destroyed, 
118;  how  affected  by  force,  144;  resolu- 
tion of,  165;  direction  of,  in  curve,  iri6; 
principles  of  composition  and  resolution 
of  force  applicable  to,  170 ;  of  two  in  same 
direction,  resultant  of,  171 ;  in  opposite. 
173:  in  different,  173;  composition  and 
resolution  of,  examples  of,  174 :  of  fishes, 
birds,4kc..  178 ;  absolute  and  relative,  185 ; 
laws  of,  319;  always  same  quantity  in 
work!  explained,  381 ;  of  fklling  body  ac- 
celerated, 838;  of  fklling  bcNly,  analyria 
of.  340;  uniformly  accelerated.  843;  of 
bodies  projected  upwards  reUrded.  354; 
down  inclined  plane,  355;  on   inclined 

i>lane,  uniformly  accelerated.  856 :  of  pro- 
ectiles,  857 ;  causes  of  irregular,  504 ;  eye 
las  no  perception  of  any  but  angular, 
1174.  See  Sun,  Motm,  PUntU,  and  the 
tevtrmt  PUnett. 
Moulds,  for  casting  metal.  1364;  electro- 

metallurgic,  3131. 
Multiplier,  electric-magnetic.  9033. 
Musical  Bounda  or  notes.    See  Sound. 

N. 

Nadir,  3341. 

Nairne's  cylinder  electrical  machine,  1737. 

Napolten's  galvanic  pile,  1890. 

Nebula.    See  Clm$ttr. 

Needle,  magnetic.  1639;  dipping.  1053;  di- 
urnal variation  of,  1675;  influence  of 
aurora  borealison,  1677;  Asiatic,  1695. 

Neptune,  2883 ;  discovery  of;  ib. ;  researches 
of  Le  Verrier  and  Adams,  3886;  its 
predicted  and  observed  places  in  near 
proximity.  8689;  orbit,  8890;  comparison 
of  the  effects  of  the  real  and  predicted 
pla  nets.  3893 :  period.  3894 ;  lelat  i  ve  orbits 
of,  and  earth,  88U6:  apparent  and  real 
diameter.  3897 ;  satellite,  8808;  mass  and 
density,  8899;  apparent  magnitude  of 
sun  at,  3900;  suspected  ring.  8901. 

Newton's  laws  of  motion,  819. 

Newtonian  telescope,  1315. 

Nobili's  reometer,  2033;  thermo-electric 
pile,  9050, 

Nodal  lines  or  points.    See  Swsrf. 
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of  orbits,  nodes,  9034;  mdiae, 
mothods  of  determining  distance  from  sun. 
9i»27;  to  determine  rvsl  diameters  and 
Tolunies,3tt:i'J ;  toHletcnni  ne  uiaMes,  31)33 ; 
of  Mars,  3t>38;  of  Venus  and  Mercury, 
St>3t>;  of  the  moon,  2640;  to  determine 
tbe  densities,  364t>;  to  determine  super* 
fleialgravit3r,3647;clas8iflcation  in  groups, 
SbSOj  terrestrial,  ib;  -planetoids,  S(S51; 
major.  2652;  Mercury,  2653;  method  of 
ascertaininif  diurnal  rotation.  2667;  data 
which  determine  tbe  niagnituae,  form.and 
position  of  the  plunetary  orbits,  2U7J;data 
to  determine  the  place  of  the  plaiiet,  2982 ; 
sidereal  period,  2964;  equinoctial  period, 
ih.;  extreme  and  mean  distances  from  sun 
Bnd  eartb,  2965;  perihelion  and  aphelion 
dlstanees,  8986 ;  conditions  aflbcting  the 
pliysieal  and  mechanical  state  of.  Inde- 
pendently of  its  orbit.  8987;  distances 
Ikom  tbe  son  and  earth  in  millions  of 
mikEM,  8068;  surfaces  and  volumes,  9989 ; 
masses,  2990;  densities.  2991;  intensity 
of  solar  lif  ht  and  heat,  2994  ;  superflrial 
fravity,  2l»95;  orbital  velocities.  2996; 
aapiymial  velocity  of  rotation  ,2907  *.  solar 
gravitation,  2996.  See  Setar  tjfal$m,  Sm- 
UUU—,  Perturkationt  Earth, 

Platinum  rendered  incandescsnt,  1598. 

Plumb-line,  3-27. 

PobPs  rheotrope,  1918. 

Points,  cardinal,  2.343;  equinoctial,  3490. 

Point,  working,  defined,  390;  standard,  in 
thermometer.  1328;  freezing,  1332;  boiling, 
ib.  1504 ;  of  fusion,  1448 ;  of  congelation, 
1456;  consequent,  1648,  1902;  electric 
conductors  with,  1777 ;  electro-magnetic, 
1962. 

Pointers,  3333. 

Polsriution,  heat,  1570;  light,  1366. 

Polariscopes,  1268. 

Polar  regions,  2177 ;  cold  of,  3218. 

Pole-star,  2333. 

Poles,  magnetic,  1614.  1656;  position  of 
magnetic,  1665;  (electric),  positive  and 
negative.  1853;  or  galvanic  pole,  1903. 

of  earth,  8358;  galactic,  3:)60. 

Pores,  defined.  75;  proportion  of,  to  mass, 
determines  density.  76;  difl^r  firom  cells, 
70;  sometimes  occupied  by  more  subtle 
matter,  80;  the  densest  subvtances  have, 
8-f ;  of  bodies,  region  of  molecular  forces, 
340. 

Porosity  and  density  correlative  terms,  77; 
examples  of,  81 ;  of  wood,  82 ;  of  mineral 
substances,  87;  of  mineral  strata,  88. 

Power,  moving,  defined.  389;  when  It  mor^ 
rban  equilibrates  accelerated  motion  en- 
fttieik  402;  when  too  small  to  eauilibrate. 
motion  retarded,  4U5;  moment  of,  defined, 
409. 

Powers,  mechanic,  classification  of,  484. 

potassium,  2097. 

Pouillet'tf.  modification  of  Daniel's  battery, 
IHGH.apparatiis  to  exhibit  eflTects  of  earth's 
magnetism.  1994 ;  tbcrmo-electric  appa- 
ratus. 2042. 

Precession  of  the  eqninoxes,  3875.  See 
Spktroidnf  ptrturhntUnt. 

Presxure.  11175,  1492, 1383, 1383,  1488.  See 
Vaporization. 

Prime  vertical,  8348. 

Prism.  1004.    See  Urkt, 

Frimmtk  Bpeetrum.  1058.    See  UrH, 

Pniectile,  9S7;   shot  borisonuny,  SS8, 
moree  In  pvmboUe  corvee,  960  •  eonclu* 


slons  as  to,  modilleii  by  letiataiiea  of  air, 
261. 

Projection,  obliqne,  850. 

Proof- plane,  1770. 

Props  or  points,  eflecfs  of,  in  maehiner7,3Q7. 

Ptolemaic  system,  2444. 

Pulley,  461. 

Pugilism,  collision  in,  211. 

Pump,  ro|)e,  373;  air,  743 ;  lifting,  748;  suc- 
tion, 749;  forcing,  750. 

Pyramid,  stability  of,  281. 

Pyramids,  remarkable  circumstance  con* 
nected  with,  3'.t84. 

Pyrometer.  1312,  1350;  graduatioo  of,  1351. 

Pysche.    See  PUnoloidt, 


auadratnra.  8574;  line  of,  3188.  See  Xaaer 
(Assry. 

Uuetelet,  observatiooa  on  atmospheric  elec- 
tricity, 3863. 

R 

Radiation,  1314, 1543;  rale  of,  1554  ;  inten- 
sity of.  1555;  influence  of  surfliice  on, 
1556 ;  radiating  powers,  1550. 

Railway  carriage,  object  let  fiill  flrom,  183; 
trains,  collision  of,  210. 

Rain,  2252 ;  gauge,  2253 ;  quantity  of,  8854. 

Rays,  diverging  and  converging,  003.  See 
LigkL    Solar,  2553. 

Reaction  and  action,  205. 833;  bow  modified 
by  elasticity.  213. 

Reaunier's  scale,  1336. 

Red-hot.  1310. 

Reflection,  217,  036;  and  incidence,  817; 
laws  of.  explained,  1334. 

(heat),  1316,  1553,  1573;  reflecUng 

powers,  1550.    See  lAfU,  HoaU 

Reflector,  041,  043.    ^«e  Light. 

Refraction  (heat),  1317.  1570;  (light),  078; 
index  of,  980;  locus  of,  1036;  laws  of,  ex- 

elained,  1324 ;  double,  1243 ;  laws  of  dou- 
le,  1240 ;  of  thermal  rays.  1540. 

Regnault's  tables  of  specific  beat,  1430. 

Regulator,  509;  general  principle  of  action 
of,  ib.;  governor,  510;  pendulum,  51 1 ; 
balance- wheel,  ib.;  water,  513;  fusee, 
513;  fly-wbeel,  516;  eiectro-mafoeUe, 
1073. 

Rheometer.3030;difiEbrential,  9034. 

Rheoscope.  3030. 

Rheotrope,  Pohl'i^  1 0 13. 

Repulsion.  354;  mutual,  of  atoms  of  gas, 
360;  mutual,  ascribed  to  action  of  beat, 
363;  between  aolids  and  liquids,  378; 
magnetic.  1610;  electric,  1606. 

Resolution,  of  fbrces,  154;  of  motion,  165; 
examples  of.  174. 

Resultant,  of  forces  in  same  direction,  148; 
of  opposite  forces,  149;  and  component 
correlative,  150;  of  forces  in  diflnrent  di- 
recti<ms,15l:  and  component  iiiterchange- 
ahte,  153;  of  any  number  of  forces  in  any 
directions,  155;  of  parallel  forces.  157; 
condition  under  which  two  forc«^s  admit  a 
single,  163;  of  two  motions  in  same  direc- 
tion, 171;  in  opposite,  172;  in  diflerent, 
173 ;  of  gravitating  force  of  molecules.  264. 

Retina,  1080.    See  Ey; 

Ritter's  secondary  galvanic  piles,  1900. 

Rod,  dt«!baxtint,  Yl^ 
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of  woM  and  tzid  itmr,  33S5:  attroinetrie 
tabl«  of,  190,  33S9;  use  of  telcwrope  in 
ttellar  olwervationis  3330;  lel«acopic 
S332;  stellar  nomenclature,  3333;  use  ot 
pointers,  3334;  of  star  maps,  3:135;  of 
celestial  globe,  333(5:  proper  motion  of, 
3363;  eflbct  of  sun's  supposed  motion  on 
apparent  places  of',  33(>5.    See  Firmament. 

Stars  (iieriodic.  temporary,  and  multiple), 
3338;  »iissing,3345;  Struve's  classiflcalion 
of  double,  3350;  coloured  doubfe,  3333; 
attempts  to  discover  stellar  parallax  by 
double,  3354 ;  observations  of  Sir  William 
Uerschel.  3355;  extension  of  law  of  gra- 
Titaiion  to,  3357 ;  orbit  of  star  round  star, 
3358 ;  roagiiitttdes  of  ttellar  orbits,  3361 ; 
masaes  of  binary  stars  determined  by  their 
parallax  and  period,  3361. 

Star  (pole),  03133:  eflect  of  annual  parallax, 
9446;  morning  and  evening,  SJjjW,  8679; 
singular  visibility  of,  after  co'nimence* 
ment  of  occultation,  896b;  snggested  ap- 
plication  of  lunar  occultations  to  resolve 
double,  3969;  pole  star  varies.  3'ie3. 

Steam,  higb- pressure,  expansion  of.  1483. 

Btearo-boats.  collision  of,  810;  exp«tdientB 
adopted  in,  to  counteract  effect  of  side 
wind,  677. 

Pt^l,  tempering,  1484. 

Steel'Springs,  elasticity  of,  107. 

Stellar  clusters  and  nebula.    See  Chuttra. 

-—  universe,  3384. 

Stone,  compression  of,  93. 

Stools,  insulating,  1714.  1741.. 

8toTes,13tJ6;  unpolisbea.  advantage  of,  1574. 

Slratingb's  galvanic  deflagrator.  1893. 

Structures,  metallic,  I'MHS. 

Struve's  drawings  of  Halley's  comet,  3093. 

Strydmine  dissolved  in  water,  55. 

Substances,  magnetic  1G39. 

Sulpiiur,  flision  of,  1455. 

Sun,  8539 ;  appearance  of.  when  rising  or 
•ettini,  117U,  heat  emitted  by,  3414, 3316  ; 
oval  ^rm  of  disk,  3436 :  distance.  3456 ; 
apparent  motion,3458 ;  eflbct  of  attraction 
on  tides,  3517;  anparent  and  real  niag< 
Ditade,  8S39 ;  snrnice  and  volume.  3531 ; 
mass  and  density .3533;  Ibrm  and  rotation, 
S533;  axis  of  rotation,  ib.;  spots.  8534; 
atmospheres,  9536;  Capocci's  observations 
and  drawlngs,9540 ;  PastorfTs.  L'54 1 ;  Sir  J. 
Herschers.3543;  coating  of,  8546.  35-19, 
test  proposed  by  Arago,  3547 ;  rays,  calo- 
rific, 3553;  probable  cause  of  solar  heat. 
S554;  distance  determined  by  transit  or 
Venus,.  8963;  comparison  of  luvlre  of 
with  full  moon,  3333;  of  light  with  that 
ofa  Centauri.  3334 ;  of  intrinsic  splendour 
of,  and  fixed  star,  3335;  not  a  fixed  centre, 
3364 ;  effect  of  supposed  motion  on  places 
of,  the  stars,  3365:  velocity  of  solar  mo* 
tion.  3367 ;  probable  centre  of  solar  mo* 
tion.  336H. 

BurAios.  See  ibe  uvsfl  PtantU^  Sun, 
PUm$U. 

Swimming,  175. 

Syringe,  exhausting,  730 ;  fire,  1418. 

Syxygy,  line  of,  3187.    See  Lunar  tAssry. 

T. 

Telescope.  8304, 1313;  Newtonian,  with  mi> 

cronietrie  wires.  3303;  use  of,  in  stellar  oh* 

terrmtlonB,  3390;  flersetel'k,  33U5;  cat  I 

ofBotmra,  3396,3397;  JVorUMnnbarland, 

MM. 


Temperature,  1390,  1374;  dllaution  bj. 
1 10 ;  aflbcts  malleability,  135 ;  methods  of 
compating,  acrotding  to  diflererit  scales, 
1337;  of  greatest  density,  1396 ;  method 
of  equalization  of,  1413;  in  liquids  and 
gases,  15^3;  of  globe  of  earth,  1540 ,  ne- 
cessary to  produce  combustion,  1588;  of 
bl<K)d  in  human  species,  1596;  of  blood  in 
animals,  1598.    See  HtaL 

,  local  variations  of,  316 1;  mean  dl* 

urnal.  8164;  mean  of  month,  8165;  of 
year,  3166 ;  month  of  mean.  3167 ;  of  the 
place,  3168;  table  of  Paris,  8183 ;  extreme, 
3183;  depending  on  elevation,  3185; 
stratum  of  invariable,  8190,  tt  §tq  ;  of 
springs,  8196;  of  seas  and  lakes.  8197; 
variations  of  air  at  sea  and  on  land,  3303 ; 
of  celestial  spaces.8318 ;  received  by  earth 
from  celestial  space,  3319. 

Tenacity,  140;  table  of,  of  metals,  141 ;  of 
fibrous  textures,  148. 

Terrestrial  magnetism,  1649;  infiuenct  of, 
on  voltaic  currents,  1985. 

Thalia.    See  PtauU^iJa. 

Thaumatrope,  1156. 

Thermal  unit,  I4U5. 

Thernio-eleclricity,  3030.    See  Eltetrieitjf. 

Thermometer,  1313;  merrurial,  1333;  tube, 
1334;  bulb,  13-J5:  self-registering,  1344; 
spirit  of  wine,  1345;  air.  1346;  difleren* 
tial,  1349;  effect  of,  on  refraction,  8434. 

Thermometry,  1.130 

Tliermoscopic  bodies,  1331 ;  apparatus,  1564. 

Tlietis.    See  Pianetmds. 

IMiunder.  33li8 ;  tubes.  3375. 

Tides,  8513;  lunar  iufiuence,  8514;  son's 
attraction,  8517;  spring  and  neap,  8518; 
priming  and  lagging,  3530;  researches  of 
Whetvell  and  Lubbock.  3531 ;  diurnal  in- 
equality, 8533;  local  effecU  of  land,  2534 ; 
vrfocity  of  tidal  wave,  8585 ;  range,  8530; 
eflect  of  atmosphere.  9587. 

Timber,  strength  of.  505. 

Time,  sidereal.  8338,8453;  mean  solar  or 
civil,  8451 ;  apparent  solar,  8455 ;  equa- 
tion, ib. 

Torpedo,  electrical  properties  of,  9156. 

Torricelli.  anecdote  0^710;  colebraiad  ei* 
periment  of,  711. 

Torsion,  elasticity  of,  109. 

Trade  winds,  3538. 

Transi i.  3397. 3903, 805a    See  tSeiipat. 

.  of  the  inferior  planets.  9961;  condi- 
tions, ib.;  intervals,  8968;  sun's  dis> 
tance  determined  by,  of  Venue.  39fi3. 

Transit-instrument.  8397;  Troughton'S 
circle,  .1309;  Greenwich,  3400. 

Tread-mill,  440. 

Tredgold,  table  of  transverse  stiength  of 
metals  and  woods,  609. 

Tree  of  Saturn.  8100. 

Tropics,  8436. 

Tube,  properties  of  capillary,  375;  thamio- 
metric,  1334. 

Twilight,  349S»  9809.  Sea  the  asvsral 
Pian$tt. 

V. 

Cndulafinn.  theory  of.  7»9. 

Unit.  ihermoniPtric.  1334;  thermal,  1405. 
I    Uranography  of  Saturn,  prevailing  errora 
.       asio,^!eAa.    *ea8atuT»,VAT^»«T. 

Ur%ntti«9a«&;  A\aeR^«n%^^-;  V^^^^Sf^ilL 
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THB  THIRD  COURSB,  ••BaiU«tlii|( 
A   COMPLETE  TREATISE  ON   ASTRONOMY 

THOftOUOBLT  ILLUfTmATEO,  IS  IH  PKEPAmATXOir  FOft  fPBBDT  POBLICATIOIT. 

The  intention  of  the  ambor  has  been  lo  prepare  a  work  whieh  »hould  embrsee  the 
prineiplos  of  Natorsl  Philosophy,  in  their  latest  state  of  scieniiftc  development,  divested 
of  the  abstraieness  which  renders  them  unfitted  for  the  younger  student,  and  at  the  snme- 
time  illustrated  by  numerouii  practical  applications  in  every  branch  of  art  and  science. 
Dr.  Lardner's  extensive  acquirementii  in  all  departments  of  human  kiiowleiUe.  and  his 
well  known  ikill  in  popularixing  his  subject,  have  thus  enabled  him  to  pref^i-ni  a  text- 
book which,  though  strictly  scientific  in  its  groundwork,  is  yet  eAsily  roaHtered  by  the 
ttudenL  white  calculated  io  interest  the  mind,  and  awaken  the  atieiition  by  showing  the: 
importance  of  the  principles  discussed,  snd  the  manner  in  which  they  may  be  made 
subservient  to  the  practical  purposes  of  hfe.    To  accomplish  this  itiil  further,  the  editor 
hs*  added  to  each  section  a  »erie«of  example*,  to  be  worked  out  by  the  learner,  thus 
impressing  upon  him  the  practical  importance  and  variety  of  the  results  to  be  obtaiiiedi 
from  the  general  laws  of  nature.    The  subject  is  still  further  simplified  by  the  very  Isrge- 
number  of  illastrative  wood-cuts  whieh  are  seattered  through  the  volume,  msking  plain- 
to  the  eye  what  might  not  readily  be  navped  by  the  unaisisied  mind  :  and  every  care- 
has  been  taken  to  render  the  typographical  accuracy  of  the  work  what  it  nhooM  be. 

Although  the  first  portion  only  has  been  irsnerf.  and  that  but  for  a  few  months,  yet  it- 
has  already  been  adopted  by  many  academies  ana  colleges  of  the  hiffhest  standing  and< 
character.  A  few  of  the  numerous  recommendations  with  which  the  work  has  been* 
favored  are  subjoined. 

From  Ff^f.  MOUngtonj  Univ.  <f  Miuitiippi^  April  10, 18S8. 

T  sra  highly  pleased  with  iu  contents  and  anangemenL    It  contains  a  greater  number' 
of  every  day  useful  practical  facts  and  examples  than  I  have  ever  seen  noticed  in  a 
similar  work,  and  I  do  not  hesitate  to  say  that  as  a  book  for  teaching  I  prefer  it  to  any 
other  of  the  same  size  and  extent  that  I  am  acquainted  with.    Daring  the  thirteen  TeaM- 
that  I  was  at  William  and  Mary  College  1  had  to  teach  Natural  Philosophy,  and  I  should 
have  been  very  glad  to  have  such  a  text- book. 

From  Edmund  Smith,  Bmltiman,  May  19, 1699. 

I  have  a  class  using  it,  and  think  it  the  best  book  of  the  kind  with  which-Iiaasae- 
quainled. 

From  Pn/.  CUrOand,  FkilmdOphia,  October  17, 1661. 

I  feel  prepared  to  say  that  it  is  the  (tallest  and  moot  valuable  manual  upon  the  suUect- 
that  has  fttllea  under  my  notice,  and  I  miend  to  make  it  the  text  book  for  the  ILrst  class - 
in  my  schooL 

From  8.  SekooltTj  Hanortr  Aemdemff  Ya.. 

The  "  Handbooks*' seem  tome  the  best  populsr  trcatites  on  their  respective  suhjeeu- 
with  whieh  I  am  acquainted.  Dr.  Lsrdner  certainly  popularizes  science  very  well,  andi 
a  good  text-book  for  schools  and  colleges  was  not  before  in  existence. 

From  Frqf,  J.  S.  Htmdtrton^  Fmfwur^»  Csiliff,  O.,  Feb.  16,  ISfiii: 

It  U  an  admirable  work,  and  well  worthy  of  public  paiieifAigia.  ^«i  «\»«tk»iii  ^ssftN 
fuinm»  it,  U  uaequmlled  by  any  thai  1  have  aeaa. 


BUINCIUXJ)  9s  LEA'S  PUBLICATIONS.— (Bi^tMKMM^i/  W^rkg,)     S 

ELEMENTS  OF  NATURAL  PHILOSOPHY; 

Buva 
AN  EXPERIMENTAL  INTRODUCTION  TO  THE  PHTSICAL  SCIENCES. 

Ill««trmte4  w^ltli  •▼•r  Tluree  HaMdreA  Wo^d-cuis* 

BY  GOLDING  BIRD,  M.D., 

AMtttant  Physieiui  to  Gay^«  Ho^iital. 

From  tire  Third  Loadoa  «dkiMi.    In  one  aeat  toIiibm,  rojal  Iftmo, 

Wa  afa  aatomsked  to  find  that  thera  is  woei  in  eo  miall  a  book  for  avaa  tha  bar* 
teeital  of  ao  many  sabjieets.  Where  everything  t«  treats  ■oeeiiictlyf  irreal  jadgment 
and  BMicb  time  are  needed  in  makiag  a  aaleeuon  aad  winnowinf  tha  wheat  from  the 
chaff  Or.  Bird  has  no  need  to  plead  the  pecaliarity  of  hiii  position  as  a  shield  against 
criticiam,  so  long  as  his  book  coatinaea  to  be  the  bast  epitome  in  the  English  Ian- 
fuge  of  this  wide  range  of  physical  subjects.— iVerf/k  JmeriMn  Rtoitw^  April  l,  1861. 

From  Prof  John  Johnston^  We$teyan  Z7ht«.,  MiddUiovm,  Cu 

For  those  desiring  as  extensive  a  work,  I  think  it  decidedly  saperior  to  anything  of 
die  kind  wilh  wfaieh  I  *m  acquainted. 

Froim  Fti^,  R.  O.  Curre^^  Bmtt  Ttnnesue  UnmenUif. 

I  am  maeh  grailfted  in  pcruaiiw  a  work  which  ao  well,  so  ftUif,  and  so  elearly  sets 
A>rth  itis  braaeh  of  the  Natural  Seiences.  For  some  time  I  have  been  desirous  of  ob- 
taining  a  aubstitute  for  the  one  now  used— one  which  should  embraee  ihe  recent  dis- 
coreries  in  ihe  science^  and  I  aan  traly  say  tJiat  such  «  one  is  aibrded  in  this  work  of 
Dr^  Bird's. 

From  Pnif.  W.  F,  AopUns ,  Jfosonte  trnsctfrsily,  Tenn. 

It  is  just  the  sort  of  book  I  think  needed  in  most  eolleges.  being  far  above  the  rank  of 
a  mere  pepalar  wark^  and  yet  not  beyond  tha  eomprehension  of  ail  but  tha  most  accom- 
idliftlied  mathemaiieiana. 


ELEMENTARY  CHEMISTRY; 

THEORETICAL.  AND   PRACTICAL. 
BY  GEORGE  FOWNES,  Ph.  D., 

Chemical  Laeturar  in  the  Middlaaez  Hospital  Medical  School,  fte.  fte. 

WITH  NUMEROUS  ILLUSTRATIONS. 

Third  American,  from  a  late  London  edition.    Edited*  with  AdditiiMMy 

BY  ROBERT  BRIDGES,  M.  J>^ 

Professor  of  Oeueral  aad  Pbarmaeeatieal  Chemiscry  in  tha  Phllad«i^>bia 

Coiiege  of  Pharmacy,  Ac.  Ac. 

In  one  lifge  noja)  Ifao.  vol«ai*«  «f  rMar  fif«  boMlred  p«gw»  widi  aboat  180 

wood-cuts,  sheep  or  exAra  cloth. 

The  work  of  Dt.  Fownet  has  long  been  belbra  the  puMte,  aad  its  Marits  have  been 
fUlly  appreciatt-d  as  the  best  textbook  on  Chemistry  now  in  existence.  We  do  not,  of 
4>ourse,  place  it  in«  rank  saperior  to  the  works  of  Brande,  Graham,  Turaer,  Ore|tory, 
or  Groebn.  but  we  say  that,  as  a  work  for  ai«daats,  i«  is  psaferaMe  to  any  of  ihemw— Xon- 
4ion  Hmmmi  §f  Hkdiiins. 

We  know4»f  no  treatise  aowcH  ealealaled  to  aid  tha  stadeat  m  baeoming  ikmiliar 
with  the  numerous  facts  in  the  science  on  which  it  treats,  or  oae  better  calculated  as 
SI  text- book  ft>r  those  attending  Chemical  Lectares.  •  •  •  •  Tha  best  text-book  on  Che- 
mistry that  has  issued  from  our  prasa.»jiffiMr<ean  Mtd.  Jntrnmi. 

We  knosr  of  none  wifhhi  tha  same  limita,  which  has  higher  claims  to  onr  confidence 
AS  a  college  class*book,  both  Ar  aeonraef  of  detail  and  acientific  arraag«meot.->^«*- 
g»uia  Mdd.  Joum^. 


ELBMBNTS   OF  PHTSXG8. 

OR,  NATURAL  PlilIX)90PHY.  GENERAL   AND  MEDICAL.    Wrilien  Ibr  wil- 
vorsal  me.  in  plain,  or  non-leehnical  langnaca     By  Kvu.  Ia|»<yrt^^r^<.  \&««^ 
fifiiMvp  roiume,  wjih  abojit  twp  hyndred  iUj^uatjpoa. 


BLAKCTLaKD  ft  UEA'S  PUBLICATIONS.— (JWiiMw*toii«/  Worit».)     » 


BCHMITZ  AND  ZUMFTS  CLASSICAL  SERIES. 

fjmder  thifl  title  Blahchabd  h  Lca  are  publifhing  a  Mrief  of  Latin  Scliool- 

■••kfl,  ttdiaBd  hj  than  dislingaiihed  icholara  and  critiea,  Leonharri  8chmi(i 

••d  C.  G.  Z«»pt.    Tb€  obieet  of  the  aeriei  ii  to  preaent  a  courip  of  •cr.uratR 

tesia,'revned  in  accordaace  with  the  lateM  tnveatigatioiia  and  MNR.,  and  the 

■loet  approved  principles  of  modern  criticiam,  at  well  at  the  neceiMrv  nloment- 

%rj  bnaka,  arranfcid  oa  the  beat  system  ofmvKlern  inatrnction.    The  mrmrr  arr 

■CGoaipanied  with  aotea  and  illustrstions  introdaoed  aparinglj,  ivfiidina  t»n  Ihr 

«■•  hand  the  error  of  o verba rdeniag  the  work  with  commnntarv,  and  on  tlin  oihrr 

that  of  leaving  the  atndent  entirely  to  his  own  resources.     Thr  main  ohJiTt  has 

li^^n  to  awaken  theacholar^  mind  to  a  sense  of  thit  beautirs  and  fi«*<*iili«ri|ir« 

of  >in  anthor,  to  assist  him  where  assistance  is  ncr«*Hsnry,  and  to  Irnd  him  to 

iMnk  a«4  to  'MTesCigate  ft»r  himself.     For  this  parpose  ranpa  and  other  rii- 

•raTiaga  are  given  wherever  useAil,  snd  each  author  ia  nrronipanind  with  s 

hiogmphical  and  critical  aketch.     The  form  in  whi<:h  the  volumes  am  pnntrd 

in  B^at  and  convenient,  while  it  admits  of  their  lieing  sold  at  prices  unpre- 

cndsmiedlj  low,  Choa  placiag  them  within  the  reiKth  of  msny  t«»  whom  thr  rust 

of  cinanical  worha  has  hitherto  proved  a  bur  to  this  drpnrtment  of  eduraiiont 

whilothe  whole  aeriea  being  arranged  on  one  definite  and  anifonn  plsn.rnahiea 

tbo  teachor  to  carry  forward  hia  atiid«nt  from  the  rudlmenta  of  the  language 

wtthovt  <ho  annoyaoco  and  interruption  caused  by  the  nereaiUy  of  using  tf  it- 

hooka  foonded  on  varying  and  con6icting  ayatems  of  study. 

CXA891CAI:.  TBXTn  PUnunUKD   lit  TIIIH  HRnii:H. 

I.  CJE8ARIS  DE  BGLLO  GALLICO  LIBRI   IV.,  1  vol.   royal    IHmo.,  riira 
cloth,  S3S  pagea,  with  a  Map,  price  60  cents. 

n.  C.  C.  8ALLU8TII  CATILINA  ET  iUGURTlIA,  1  vol.  royal  IHmo.,  eitra 
cloth,  1^8  pages,  with  a  Map,  price  AO  cenlti. 

III.  P.  OVIDII  NASONTS  CARMINA   SELKCTA,  1   vol.  roysl   IHmo.,  ritrn 
cloth,  246  pages,  price  60  cents. 

IV.  P.  VIRGILII  MAROKIS  CARMINA,  1  vol.  royal  18mo.,  eitra  cloth,  43H 
pngoa,  price  75  cents. 

V.  Q.  HORATH  FLACCI  CARMINA  EXCERPTA,  1  vol.  royal  IHmo.,  eitra 

cloth,  31S  pages,  price  60  centa. 

VI.  Q.  CURTII   RUFI    DE   ALKXANORI   MAGNI  qnjR   RIJPKRMUNT,   I 
vol.  royal  l8mo.,  eitra  cloth,  326  pagea,  with  a  Map,  price  70  cents. 

VII.  T.  LIVI!  PATAVINI  HISTORIARUM   LIBRI  I..  11.,  XXI.,  XXII..  I 
vol.  royal  l8ino.,  ex.  cloth,  350  pngei,  with  two  colored  Miipa,  price  70  mii*. 

Vlil.  M.  T.  CICERONIS  ORATIONE8  SELECTS  XII.,  1  vol.  myal  INmn  . 
oitra  cleth,  300  pagea,  price  60  centa. 

EI.£ME!«TARY  WORKS  PUBI^INIIRD  |!f  TillM  Ni:itl|M. 

I. 
A  SCHOOL  DICTIONARY  OF  THE  LATIN   LANGIJAOK.     By  Da.  .1    II  . 
KALncHMiDT.    In  two  parts,  Latin-i^ngliah  and  Engl iah- Latin. 

Part  I.,  Latin-Engliah,  of  nearly  500  pagea,  strongly  bound,  price  00  rmts 
Part  II.,  English-Latin,  of  about  400  pages,  price  75  cents. 

Or  the  whole  complete  in  one  very  thick  royal  18mo.  Tolnme,  of  neatly  INHI 
cloaely  printed  doublo-columned  pages,  strongly  bound  in  leather, 

price  only  $  I  S5. 

II. 
GRAMMAR  OF  THE  LATIN  LANGUAGE.    Bt  LKONRAmo  BriiMits.  I*h. 
D.,  F.  R.  8.  E.,  Rector  of  the  High  School,  Edinburgh,  kc.     In  one  hand' 
aome  volume,  royal  18mo.,  of  318  pages,  neatly  balfbonnd,  priee  dU  i«enia 

!• 


ILVRD  &  LEA'S  PVBUCATWSS.—{EJutMiimal  BVi.,) 

IITZ  AKD  ZUMPT'S  CLASSICAL  BERtES—Caaliam^. 

111. 
,RY  GRAMMAR  AN!>  EXERCISES.  BtD..  L«™h*»d8cii«iti, 
•no.  Tnlumc  of  SIS  pagei,  eim  dolh,  price  60  cenu.  (Ju.i  l».«d.) 
;pARtNQ    FOR    SPEEDY    PUBLICATION. 
U)[NG  AND  EXERCISE  BOOK,  I  .o1.,  ro«l  18mo. 
CLASSICAL  DICTIONARY,  1  rql.,  rojal  ISmo. 

.  be  ■een  thai  thii  .eriM  ■■  now  very  duHt  cOB.plcle,  embncin( 
flnl  Latin  nuihoM,  >nil  rBqBiting  bui  imo  more  elemmUtj  «oiU 
■iiiricieiit  in  iKHT  Tor  n  thorough  coune  at  iLudr,  and  ihrig  litirr 

obation.inil  Ihe  Tact  thai  il  aufiplie*  a  waul  not  hithene  proud rd 
?<<  bv  Ihe  adoption  of  theie  worka  in  a  TCry  laiae  number  of  tba 

.nioDwla  wilb  which  thaj  ha»  bean  fii.ored,  and  which  tb.j  ar« 

i^tSATSt^."J,^J3.sJ^.™^r.,5,■s'™';^ 

fuund  B  Kl  oCieii-boolM  Ibai  combine  U»  cissllancH  ao  loBgda.rtl 
(  w.n»..    Tliry  will  iioi  co*i  ih.  •niileni.l>Ton*h.lf  ai  liMt.  Diu  •nich 
id  far  Himc  Diho  cdiitoni.    And  -ba  will  noi  u;  ihai  Ihii  it  a  coiitidEr- 
)f  ■iic'iiion  T    For  [ha  rhaaiwr  our  Khool-booka  can  b>  made.  il«i  more 

BLaNGHARD  &  LEA'S  PUBLICATIONS.— (JS(/tM»<»oiM/  J^or^s.)     7 
SCHMFTZ  AND  ZUMPT'S  CLASSICAL  SERIES^CotUitwed. 


From  tfu  Rev.  L.  Van  BokkeUn,  Principal  qf  St.  Timothif's  Hall,  Md.,  Feb.  18, 18SS. 

Since  you  commenced  ihewries  I  have  invariably  adopted  the  dHferent  works  in  pre- 
ference to  all  others,  and  I  now  um  them  all,  with  the  exceptiou  of  "Q.  Cartius." 

From  W.  F.  Wyert,  Ntw  LoruUm  Atmdtmyy  Feb.  14, 1853. 

I  have  n^d  no  other  editions  but  yours  since  they  made  their  first  appearance,  and 
shall  certainly  continue  to  do  to. 

Among  the  various  ediiions  of  the  Latin  Classics,  Schmilz  and  Zumpt^s  series,  so  fkr 
as  yet  published,  are  at  all  times  preferred,  and  students  are  leqnested  to  proenre  no 
o\\iex.-~  Announcement  of  Bethany  College,  Ya. 


Uniform  With  8CHIITZ  AND  ZUSPT^CLASSICAL  8EIIES.— (Row  Beady.) 
THE  CLASSICAL  MANUAL; 

AN  EPITOME  OF  ANCIENT  GEOGRAPHT,  QREBE  AND  ROMAN 
MTTHOLOGT,  ANTIQUITIES,  AND  CHRONOLOGT. 

CHIEFLY    INTENDED   FOR  THE   USE  OF   SCHOOLS. 

BY  JABIES  S.  S.  BAIRD,  T.  C.  D., 

Assistant  Classical  Master,  King's  School,  Gloucester. 

In  one  neat  voloine>  royal  ISmc,  extra  cloth,  price  Fifty  centi. 

This  little  volame  hai  been  prepared  to  meet  the  recognised  want  or  an  Epi- 
tome which,  within  (he  compaie  of  a  aiogle  amall  Yolame,  tbould  contain  tne 
information  requisite  to  elucidate  the  Greek  and  Roman  aathora  most  com- 
monly read  in  our  schools.  The  aim  of  the  author  haa  been  to  embody  in  it 
such  details  as  are  important  or  neceaaary  fbr  the  junior  student,  in  a  form  and 
•pace  capable  of  rendering  them  easily  mattered  and  retained,  and  he  has  con- 
sequently not  incumbered  it  with  a  mass  of  learning  which,  though  highly 
valuable  to  the  advanced  student,  is  merely  perplexing  to  the  beginner.  In  the 
amount  of  information  presented,  and  the  manner  in  which  it  is  conveyed,  as 
well  as  its  convenient  size  and  exceedingly  low  price,  it  is  therefore  admirably 
adapted  for  the  younger  classes  of  our  numerous  classiciil  schools. 

From  Mr.  B.  F.  Stmt,  Ftoderieheburg,  Va.^  July  30, 1888. 

The  Classical  Msnaai  T  have  perused  with  delight,  and  shall  at  once  introduce  in  my 
school.  It  is  a  book  that  has  long  been  needed,  asM  I  know  of  none  where  so  mucn 
varied  matter  ean  be  found  in  so  small  a  space. 

From  Mr.  C.  Hammond,  JfoiMSA,  Mass.,  Aug.  6, 1882. 

I  shall  introduce  it  into  my  school  at  once.  It  is  just  what  we  have  needed  for  a  long, 
long  time. 

From  Pnff.  Trbnble,  Kmyon  CoUegt,  O.,  Aug.  90, 1883. 

It  must  recommend  itself  to  the  teachers  in  all  the  classical  Institutions  within  the 
Union,  not  only  on  account  of  its  cheapness,  but  also  Ibr  its  excellent  arrangement ;  and 
it  will  be  a  nne  qua  non  compeiulioas  cla#a>book  for  every  student  wishing  to  enter 
our  colleges. 

From  Mr.  J.  H.  Nount,  Wtuhington,  Aug.  17, 1858. 

I  shall  require  every  classical  smdent  to  possess  a  copy  of  ^Baird^s  Manual." 

From  Mr.  W.  W.  Clarkt,  Qounemeur  We$.  Bern  ,  N.  Y.,  Aug.  17, 18S3. 

T  admire  it  very  moch  for  the  large  amount  of  classical  information  so  concisely  and 
clearly  set  forth.  It  is  Just  the  thing  for  students  in  their  early  studies,  and  has  long  been 
a  desideratum. 

From  Mr.  W.  S.  Bcgart,  7kttaha$$$e,  Fl.,  Aug.  7, 1858. 

It  contains  a  vast  amount  of  geographical  and  classical  information  in  a  most  concise 
compass,  which  adanu  it  eoually  to  the  pupil  and  the  advanced  student  who  wishes  to 
review  his  classical  knowledge. 


■aHD  &  LEAS  PUBLICATIONS.— (CJu»rim.iJ  IFtri,.) 

IfTrlf  SREEK  CUSSICAL  LITEMTDRL 


flj  foDoired  hj  a  rimilcU-  Toltima  oa  Ronum  UUntm*. 

Fran  Pnf.  J.  A.  SpHHT,  Iftm  Tttrk,  Mmnh  19,  IM«. 

Pro/  .V  W.  OfuHii,  WiUiami  CcUtft.  M 


I  the  undcni  woulil 
CoUigt,  W.  J^  Ttb.  Id,  LBCtt. 


M  F,rf-  M   e.  Bw4l, 


BLANCHAHU  &  LEA'S  TTrRlACxriON9.—{EdHBatioHatWoTit.)     9 
NHW  AHU  IMFROVHD  EDIKIOI*— (Now  RSKdj.) 

OUTLINES  OF  ENGLISH  LITERATURE. 


WITH  A  SKETCH  OF  AMERICAN  L1TEHATUHE. 

y  T.  TUCKERMAN. 

!»pfIdlerUoro,""'ni«  Ojniaiit,"  fcc. 
Inonelirgeind  handiome  Tolums,  rojal  ISmi>.,eiti'ac]olh,aribout  500  ptggt. 
The  object  ofthia  work  it  to  preieal  to  the  aludent  >  hiitorr  of  the  progrei* 
or  Engliih  Lftanlure.     To  nccompliih  lfa»,  the  lulhor  hll  roltowcd  ita  courae 

"  Schoola  of  Writing,"  tracing  tbcir  canaea  idc)  eOecla,  and  aelectiag  the  mora 
celebrated  authora  aa  aubjecta  for  brief  biographicnl  and  crilicil  aketchei,  ant- 
lyiing  iheir  beat  worka,  and  thua  preaenting  to  the  aludent  a  deflaite  Tjew  of  the 
development  of  the  language  and  literature,  with  auccinct  deacriptiona  of  thoM 

not  only  auppliad  the  a!ck now! edged  vanl  or  a  manual  on  thii  (abject,  bat  by 
the  livelineaa  and  powarofhia  ttfle,  the  thorough  knowledge  he  diaplaya  orhjl 
topic,  and  the  Tarietj  of  hia  aub|ecta,  he  haa  aucceedad  in  piodneing  n  moat 
agreeable  reading-book,  wbich  will  captiitte  tbe  mind  of  the  acholar,  and  re- 
liete  the  manotany  afdrier  aludiea. 

Thia  work  hiiiag  attriclad  tnuch  altantioD,  lad  been  inlraduced  into  ■  Urge 
samber  of  our  beat  academiea  and  college*,  (be  pnhliabera,  in  anawering  (he  call 
for  a  new  edition,  hate  endeatored  to  render  it  alill  more  appropriate  Ibr  the 
•tudent  of  Ihia  caunlry,  by  adding  to  it  a  aketeh  of  Anierican  lileratare.  Tbi* 
ha*  been  prepared  by  Mi.  Tuckerman,  on  the  plan  adopted  by  Hr.  Rhaw,  and 
the  tolumg  ia  again  preaented  with  full  oonBdsnce  Ibal  it  will  be  found  of  great 
ulilily  M  a  teii-bonk,  whereier  Ihiaaubjecl  form*  part  of  the  educational  courae  j 
or  aa  in  introduclion  to  a  ■yateniBtic  plan  ofraading. 

rMM  Pr^.  JL  P.  ZfKnn,  Brown  UnittrtUi/,  Kpt\}  tt.  HO. 
t  kad  alraady  ilaicrminsd  u  atepi  ii  ■■  ihs  principal  book  of  lelerenee  in  my  depart- 

ai  a  lexi-book. 
JfroM  At  Rh>.  W.  O.  T.  fitfdd,  Pro/war^  Snrli'l'  Litrruhirtin  Ikt  niitutUt  qf  n. 
I  take  (reaipleaaureln  Mying  Ihai  itauppllei  a  want  tkal  haa  Ions  elialed  of  a  briaf 
hialory  oTRi^iab  lileralnre,  wnuen  in  Ihe  righiniihud  andapiili.ioaerTe  aa  an  inlro- 

Vnmi  Jmna  lUannOh  friUdM  »/  Bmam  CcUtt,  Xf. 


HANDBOOK  OF  nODEHN  EUROPEAN  LnXR&TUBE. 

Bri  Ii  ah,  Daniah,  Dutch,  French,  GeroMn,  Hungarian,  lulian,  Poliah  and  Ro*- 
■ian,  PortDgnoM,  Spaniah,  and  Swediah.  With  a  fnll  Bingraphioal  and 
Chronological  Indei.  By  Hn.  Fo*tbb.  In  one  large  rayal  Itmo.  TOlnnai 
eilra  clotb.    Vaibrm  with  ••  Shaw'a  Ontlinea  QT^1,\^ri&\AV«1^Jn«:0 


BLAHCFTARD  te  LEA'S  PtmLICATION3.^SM<>>M.)  11 

li,I,B»Tm^TX»  HCIMJtrriFiC  l.lBm>Mmr''-{C»nHmif*,-i 

OABPEBTTEIt'S  OOMFABATITB   PBYSIOLOOT-t/nt  lancd.l 

PRINCIPLES  (tK  GF:N-P:RAL  and  comparative  PHYSIOLOGY!  io- 
lenJed  aa  nn  Inlroduclion  la  Ihe  Study  nrHuinan  Phyaiolng;,  and  u  i  Guida 
to  Ihe  Ph^lninphwal  PurNil  or  Nnlaral  HiMorj.  B;  WtiLMX  B.  Cahfetitei, 
M.  D.,  F.  K.  S.,  iDtbor  of  "  Ilumin  Phyilology,"  "  Vegeialile  Phjaiolo([y." 
kc.  Ac.  Third  improied  and  enlaiKnl  edition.  Id  one  yvty  large  and  hand- 
■oine  oclBTu  lolume,  with  Krenl  huadr«d  baaBtiRil  illaairalion*. 


MULLER'S_PHYSIC8. 

PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY,     Bj  Ptariteai.  J.Kvt.- 

LEB,  M.  D.    Edited,  with  Additioni,  by  R.  EoLRirELD  GmirFiTH,  H.  D.    In 

one  largo  and  handaome  DClavo  talumn,  *itb  ftiO  wood-cuia  and  Iwo  colored 


MOHB,  BEDWOOD,  and  FBOOTEB'S  vbabkaot. 

PRACTICAL  PHARMACY:  Comprialn;  the  Arniniieinenli,  Appaxatna,  ud 
Manlpulitlona  of  the  Pharmnceutieil  Rhnp  and  Labnralory.  Bj  FaAHcia 
Mdhb,  Ph.  D.,  Aaaeiior  Phjirmaciz  of  the  Roja!  Pruiiian  College  ol  Mmlicine, 
Cablenu ;  and  Tkeofiiilui  Redwood,  Profeaaor  of  Pharmacy  in  the  Pharms- 
ecDticat  Society  of  Great  Bnuin.  Edited,  with  eiienaive  Additione,  by  Pbot. 
WiLLTAX  Phoctu,  of  the  Philadelphia  College  of  Phurmaey.  In  one  hand- 
aoDiely  primed  ocutio  lolume,  of  a70  pagea,  wilh  OTer  MKI  engrBiliiga  od 


uviB  EiATCI.  ElcTcnth  Edi- 
Una.     w  iin  AiluilioM>  ana  i-oirryiiun*  uy  ii,c  i-ioirr...r  of  Mrrhanica  in  llit  Franklin 

In  one  oiuto  toluma,  with  numeiom  engtatidg.. 
HUMAN  HEALTH ;  or,  ihe  InBarnee  d(  AInwpher'  and  Lncalily,  Change  of  Aii  and 
nriiTiBix.  Haaannn.  Food.  Cloiliiiif,  Mlklni,  ALnrrol  Bp^lug^  Kirrciae.  Bleep,  Coipotf al 
iu.b;.  Ac- an  Iltallhy  Man.  coiLttilutiug  BlEminli  af  lligiooa. 


UyRoblcy  Diingliun,  M  D.  liioi 
TUB  *> 

D.T.A 

wilhni 
A  NEW  THEORY  OF  LIFE.    By  X  T  Coteridge.    Now  Bni  poblialied  from  the 

p.  F,  R.  9.     From  the  ateond 

AN  INTBODL'CTION  Tl>  ENrOMOLOOV;  or,  Klem-M«  of  iha  NMural  Hiaiory  of 
liiiccia.    lly  ihF  Rtv.  Wm.  KirSy.  aus  Wia.  «p^>.r«,  K.  H. »    FK>n  the  a'lib  Idiidoa 

TIIERACESOFMEN;  aFiHgmrnl.    Ry  John  Kiwi.    In  one  royal  ISmo.  mlDnw, 

^ofCaniDO.  Inbutlblio 


LECTURES  ON  THE  PHYBICAI.  PHENOMENA  OF  UVINO  naNOS.     B* 

Carlo  MatMoni.    Ediwd  by  Janalliiui  Peieir*,  U  D.    I«  sna  rojallftiM.  lolviM^ 


